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ABSTRACT
Com (Zea mays L.) hybrids with rapid ear moisture loss rate (EMLR) are needed 
to reduce post-harvest production costs relative to artificial grain drying. Previous 
investigations indicated that genetic variation for grain dry-down rate existed; however, 
genotype by environment interaction (GEI) for this trait has not been specifically 
investigated. The objectives of this study were: (1) to evaluate EMLR and stability of 
selected commercial com hybrids in different environments, (2) to determine approximate 
optimum numbers of plants per plot, replications, and environments for evaluating EMLR, 
and (3) to assess the contribution of known environmental factors to GEI for EMLR. 
Experiments with two groups of com hybrids (early maturity, and medium and full season 
maturity) were conducted during 1993-1995 at multiple planting dates. Relative efficiency 
(RE) increased with increased replications. With five to six plants per plot and four 
replications (20 to 24 plants total), the same efficiency can be achieved as obtained with 
11 plants per plot and three replications (33 plants total). These results were validated by 
the experiments conducted in 1994. The RE increased as the number of planting dates 
(environments) increased. The same RE (100%) was achieved by using three to four plants 
per plot, three replications and four planting dates, as that obtained with 11 plants per plot, 
three replications and three planting dates. Restricted maximum likelihood method was 
used to estimate GEI variances and interpret the stability of each hybrid. Hybrids of both 
maturity groups differed significantly in their stability for EMLR. Precipitation and relative 
humidity were the most important, single environmental factors that contributed to GEI. 
When two factors were considered simultaneously, precipitation+growing degree days
viii
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from planting to black layer maturity and relative humidity+growing degree days from 
planting to black-layer maturity accounted for the largest amount of GEI. Individual 
hybrids responded differently to these environmental factors. This provided a better insight 
into the causes and nature of GEI for EMLR, which should help reduce or exploit GEI.
ix
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INTRODUCTION
Com may be harvested when the grain moisture content is 200-250 g kg'1 to take 
advantage of higher market prices early in the harvest season and to prevent or reduce 
losses attributable to delayed harvest and adverse weather. However, com must be stored 
preferably below 155 g kg'1 of grain moisture to avoid or lessen damages due to stored- 
grain diseases and pests. To meet grain storage standard, high temperatures are used during 
the drying process, which potentially may reduce germination due to damage to cellular 
components (Baker et al., 1991). The closer the harvest moisture content is to the ideal 
storage moisture content, the lower the production costs relative to post-harvest, artificial 
grain drying. Ear moisture loss rate (EMLR) is an important issue in Louisiana because of 
its humid climate during grain filling and post-physiological maturity period. This trait has 
attracted more attention during the last two decades because of higher fuel costs and 
apparent fuel shortages.
Genetic variation for EMLR exists (Crane et al., 1959; Hallauer and Russell, 1961; 
Hilson and Penny, 1965). Purdy and Crane (1967a) concluded that additive genetic effects 
were more important than non-additive effects. Cross and Kabir (1989) reported a 
significant general combining ability effect for this trait. Zhang et al. (1996) found that 
both general and specific combining abilities were significant and that extranuclear 
component(s) influenced EMLR Some endosperm mutants behaved differently than 
normal com (Nass and Crane, 1970). The drying rate of opaque-2 was higher than that of 
normal com, whereas sugary-2 showed a significantly lower drying rate than normal com.
1
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Hunter et al. (1979) found no significant difference between field drying rates of flint and 
dent com.
The EMLR is related to certain ear and kernel characteristics. Crane et al. (1959) 
found no association between husk number or width and EMLR However, Troyer and 
Ambrose (1971) reported that husk limited air movement around grain and that a low 
number of loose, short husks was conducive to fast grain drying. Kang et al., (1983 and
1986) found significant positive correlations between husk weight and ear moisture 
content. Because husk weight is positively correlated with yield as well (Cantrell and 
Geadelmann, 1981), the reduction in husk weight might not be totally beneficial to grain 
yield. Purdy and Crane (1967b) showed that differential rates of water loss were related to 
the physical structure of the pericarp. Faster drying rates are associated with a thinner 
pericarp because it behaves as a semi-permeable membrane. Stalk quality also plays an 
important role in field drying of com. Hybrids with good stalk quality can be left in the 
field longer, thus allowing more time for grain to dry down naturally (Kang and Zuber,
1987).
Hallauer and Russell (1961) reported EMLR differences among genotypes to be 
heritable within segregating populations, but the influence of year-to-year environmental 
changes was significant. Aldrich et al. (1975) stated that the rate of moisture loss after 
physiological maturity depended more on weather than any other factor. Hallauer and 
Russell (1961) showed inconsistent associations of all environmental factors they 
considered, except degree days, with ear moisture loss during 40 days post-silking to 
physiological maturity. Gunn and Christensen (1965) found high correlations between
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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effective degree days to midsilk and ear moisture. Schmidt and Hallauer (1966) indicated 
that above 30% kernel moisture content, the rate of moisture reduction was related to air 
temperature and, below 30% kernel moisture, to relative humidity. This evidence could 
imply the presence o f genotype by environment interaction (GEI) for EMLR.
Because GEI is complex, it is sometimes easier to consider the interaction of 
genotypes with individual environmental factors than total GEI. Denis (1988) used 
covariates for analyzing two-way data sets and van Eeuwijk et al. (1996) demonstrated the 
utility of covariates in different situations. Kang and Gorman (1989) removed influence of 
each of several environmental factors from GEI and concluded that none of them 
significantly affected GEI for yield. Similar approaches were used by van Eeuwijk and 
Elgersma (1993), Baril et al. (1995), and Biames-Dumoulin et al. (1996).
There are no specific reports on GEI or stability for EMLR in com. However, such 
information is important to better allocate resources, particularly number of locations and 
years, in breeding programs, and to generate hybrid recommendations. Furthermore, the 
investigation of hybrids by specific environmental factors interaction should be useful for 
analyzing the nature of GEI for EMLR and defining major factors to be considered for 
improving phenotypic stability of this trait. Therefore, the objectives of this research were 
to: 1) provide information on sample size and allocation of plants per plot, replications and 
environments for EMLR studies in com, 2) evaluate commercial com hybrids for their 
EMLR and yield, 3) study GEI for EMLR in com and evaluate phenotypic stability, and 
4) provide information on the relative contributions of individual environmental factors, 
or their combinations, to GEI.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ADAPTABILITY IN PLANT BREEDING 
Plant phenotype is an integrated expression of the influence of genotype and 
environmental conditions under which the plant grows. Different genotypes react 
differently to changes in environments, giving rise to another component that affects 
phenotype, and is statistically termed as genotype by environment interaction (GEI). 
Genotypic reaction to environmental influence as well as GEI effects are related to the 
concept of adaptability in plant breeding.
L CONCEPTS AND IMPLICATIONS
Adaptation, according to the Webster’s Dictionary (1986), is the ability to change 
so as to conform to new or changed circumstances. As related to natural selection, 
adaptation is the ability of an individual to fit into a specific environment through the 
process of evolution. Fitness relates to reproductive success based on individual viability 
and fertility (Redei, 1982). Natural selection operates when individuals in a population 
have different fitness values. Individuals with higher fitness (adapted) will produce more 
offspring than others, thus changing the frequency of favorable alleles in subsequent 
generations (Falconer, 1981).
From a plant breeding standpoint, adaptation is related to stability or consistency 
of performance in different environments. This is highly desired for economically 
important trait, such as yield which is strongly affected by environments, show complex 
inheritance, and have relatively low heritability. Plant breeding is based on artificial 
selection, but natural selection cannot be avoided in the long run. This is why a better 
understanding of the genetic control, and biochemical and physiological mechanisms of
4
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adaptation will aid in developing more efficient breeding strategies. Adaptability and 
stability are usually used to describe the same concept in plant breeding literature, although 
adaptability has a more dynamic meaning than stability.
The concept of adaptation encompasses adaptation to a wide range of diverse 
environments (broad adaptation) as well as adaptation to a specific environment. The latter 
relates to a reliable year-to-year performance in specific environments and is termed 
reliability (Evans, 1993). Both broad adaptation and reliability have played an evolutionary 
role and are important in today’s crop improvement. Their balance in a breeding program 
depends on one’s objectives and is related to target environment and type of variety to be 
developed.
1. Target environment(s)
Target environment represents areas or conditions where the results will be 
applicable. For instance, international breeding programs are oriented towards developing 
genotypes or cultivars that are adapted to a wider range of environments, in contrast with 
local breeding programs aimed at developing genotypes/cultivars for a particular region, 
where reliability is of major importance. Several authors have concluded that selecting for 
broad adaptation could result in greater gain in favorable environments and could limit the 
potential for gain in specific environments (Ceccarelli, 1989; Evans, 1993; Bramel-Cox, 
1996). Thus, adaptation to a specific environment or stresses, such as temperature, 
moisture, diseases, and soil fertility, should receive greater emphasis in breeding programs 
than currently given. Selection for broad adaptation could be equal to selection for specific 
adaptation but never greater (Wright, 1976). For this reason, when the target environment
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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is heterogeneous, it is better to subdivide it into several homogeneous environments or 
mega-environments and develop specifically adapted genotypes for each (Annicchiarico 
and Perenzin, 1994). According to Allard and Bradshaw (1964), non-genetic variability 
may be classified as predictable and unpredictable. Predictable variation is usually 
associated with geographic location and is attributed to growing-season duration, soil types 
and fertility, and general climate pattern. Unpredictable variation mainly represents year- 
to-year variation that cannot be predicted for a relatively short period (number of years). 
The subdivision into mega-environments is related to the predictable variation, but the 
number of mega-environments depends on the relative magnitude of predictable and 
unpredictable variation (Annicchiarico and Perenzin, 1994).
2. Type of variety to be developed
Allard and Bradshaw (1964) concluded that for adaptation to both predictable and 
unpredictable variation, the development of “well buffered” varieties is needed. They 
proposed the concepts of individual buffering, which is due to developmental homeostasis 
o f individual genotypes; and population buffering, which is due to genetic homeostasis 
between individuals. Genetically homogeneous varieties, such as pure lines and single­
cross hybrids, rely solely on individual buffering. Genetically heterogeneous varieties may 
be of two types, mixtures of individuals with same level of inbreeding (e.g., multi-lines) 
or mixtures of individuals with different levels of inbreeding (e.g., open-pollinated 
varieties). The first type of heterogeneous varieties rely solely on population buffering 
whereas the second type rely both on population and individual buffering.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Heterozygous varieties are superior to homozygous varieties when a group of 
homogeneous varieties is conditioned by individual buffering. Eberhart and Russell (1969) 
indicated that com hybrids were better adapted to changes in environmental conditions than 
their parental inbred lines. They also indicated that single-cross hybrids were less stable 
than three-way-cross and double-cross hybrids, and that three-way-cross hybrids were 
intermediate between single-cross and double-cross hybrids. Other authors have reached 
similar conclusions in com (Sprague and Eberhart, 1977), but not in wheat (Triticum 
aestivum L.) (Carver et al. 1987) and sorghum (Sorghum bicolor L.) (Blum et al. 1992). 
Becker and Leon (1988) summarized the results from a number of experiments comparing 
GEI of homozygous lines and of their heterozygous single-crosses, and concluded that 
homozygous genotypes were less stable. This fact was especially pronounced in com and 
rye (Secale Cereale), but the same trend was observed in wheat and sorghum (Becker and 
Leon, 1988).
There is evidence that heterogeneous varieties are more stable than homogeneous 
ones. Marshall and Brown (1973) theoretically indicated that the yield of a mixture would 
always be less than that of its best pure line component, but its stability will always be 
superior. Gill et al. (1984) concluded that wheat multi-line varieties were more stable than 
their homogeneous/homozygous line components across seasons and locations. Fox et al.
(1985) found that unselected bulks composed of different parents were more stable than 
their pure line cultivars. Soliman and Allard (1991) showed that barley (Hordeum vulgare) 
composite cross populations produced stable cultivars, and Allard (1961) concluded that 
lima bean (Phaseolus limensis L.) pure-line populations were less stable in productivity
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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than mixed populations. Crops respond differently to the level of homogeneity and 
heterozygosity depending on the mating system and crop’s previous evolution (Schnell and 
Becker, 1986).
n . STABILITY AND GENOTYPE BY ENVIRONMENT INTERACTION
1. Classifications
Stability is a biometrical concept because of the statistical approaches used to study 
it. There are basically two concepts of stability, which are variously termed by different 
authors. To explain these concepts, a simplified linear model usually used a in series of 
yield trials will be considered.
Y ijk =  H +  “ i +  P j +  S ij +  e ijb [ 1 ]
where = observed phenotype, p = grand mean, a; = environmental effect, Pj = genotype 
effect, 6S = GEI effect, and = experimental error. If both a{ and 6̂  in model [1] are zero, 
then the observed phenotype, will mainly become a function of genotypic effect. This 
is called biological stability (Becker, 1981), type 1 stability (Lin et al., 1986), or static 
stability (Becker and Leon, 1988). According to this concept, a genotype will have 
unchangeable (within the range of experimental error) phenotypic performance in different 
environmental conditions. This type of stability is particularly characteristic of traits 
controlled by single genes, e.g., resistance to diseases or stresses. There is ample evidence 
that biological stability is associated with a low phenotypic performance for yield and some 
other economically important traits, and it is not practically useful (Lin et al., 1986; Kang, 
1990).
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If only Yg is zero in model [1], then genotype j  will be influenced by environment, 
but it will not interact with environment. This environmentally dependent response of the 
genotype is called agronomic stability (Becker, 1981), type 2 stability (Lin et al., 1986), 
or dynamic stability (Becker and Leon, 1988). This is the most important type of stability 
from a plant breeding standpoint and a majority of statistical methods for stability studies 
are based on this concept.
The meaning of stability and genotype by environment interaction, often used 
interchangeably in literature, is not necessarily the same. However, they have the same 
meaning when agronomic stability is meant.
The GEI is a result of non-parallel response of genotypes across environments. This 
non-parallel response can be classified as (Baker, 1988):
a) Crossover or qualitative, when genotype rank change occur in different environments.
b) Noncrossover or quantitative, when genotype ranks remain unchanged but change 
occurs in the magnitude of differences in different environments.
In the classic sense, it is important to interpret interaction only when crossover 
interaction is present (Haldane, 1946; Gregorius and Namkoong, 1986; Huhn, 1996). 
Crossover GEI is of main concern in variety trials and various genotype testing programs. 
Baker (1988) pointed out the importance of crossover interaction for stability interpretation 
and developed a test to distinguish between crossover and noncrossover GEI.
It is a common breeding practice in population improvement to select a number of 
genotypes (families) and test them in a series of environments (Fehr, 1988). Such data 
provide estimates of variances needed to estimate heritability and identify the best
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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selections for the next stage. Breeders are interested in both the amount o f GEI and GEI, 
that leads to differential ranking of genotypes across environments. The amount of GEI is 
important for heritability estimation because GEI variances are included in the 
denominator of formulas for calculating heritabilities (Nyquist, 1991). Wricke and Weber
(1986) showed that under the usual statistical assumptions o f independence and identical 
distribution of variance components, the covariance between phenotype and genotype is 
equal to the genotypic variance. Therefore, non-genetic variance as well as GEI variance 
cannot be used for selection. The higher the GEI variance, the lower the heritability; and 
consequently, the slower the progress from selection. It is desirable that the randomly 
selected genotypes from a population to be improved not interact with environments. This 
would facilitate genotypic selection for the next cycle, increase gain because of higher 
heritability, and aid in developing stable cultivars out of this population. By comparing 
rates of two types of errors in yield trials, Kang (1993) showed negative consequences for 
growers if cultivar selection and recommendation was based solely on means across 
environments. A yield-stability (YS) statistic was developed, which is useful for 
simultaneously selecting for yield and stability and for evaluating genotype performance 
in yield trials (Kang, 1993). Kang and Magari (1994) developed an interactive computer 
program for calculating YS.
2. Stability variances
To interpret agronomic stability, total GEI can be partitioned into several 
components, one corresponding to each genotype. Wricke (1962) introduced ecovalence 
by calculating a GEI sum of square attributable to each genotype. Using a two-way
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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classification and assuming that environments are random, Shukla (1972) partitioned total 
GEI variance into stability variance (a2̂  components assignable to each genotype. Lin et 
al. (1986) summarized several stability variance statistics found in the literature and 
concluded that many were transformations of one other. Kang and Miller (1984) and Kang 
et al. (1987) also concluded that ecovalence and stability variance were equivalent in 
ranking genotypes.
By testing the hypothesis: a2 = 0, researchers can determine whether or not a 
genotype is stable. Several statistical tests are available to test a basic hypothesis on 
variance components and interpret stability (Piepho, 1996). These tests are approximate 
for the primary reason that the distribution of variances is complex. But stability is not a 
characteristic that can only be judged by its presence or absence. Because of its quantitative 
nature, not only the presence of stability, but also a comparison of its magnitude, would be 
important in evaluating genotypic stability. In several studies encountered in literature, 
only the presence/absence of stability has been (i.e., test a2 = 0 or other related hypotheses, 
bj=l, bj=0, etc.). After stable genotypes are detected, no further comparisons among them 
(pairwise comparisons) for stability are performed. Piepho (1996) presented and compared 
different tests for pairwise comparisons of stability variances, however, their use has been 
limited so far.
Stability variance approach is relatively simple and can be effectively implemented 
in breeding programs. The interpretation of stability variances (or ecovalence) is 
straightforward. The higher the o2 value, the less stable the genotype. The estimator of 
Shukla’s stability variance has some desirable statistical properties. It has the smallest error
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mean square in comparison with other possible variance estimators and is unbiased 
(Shukla, 1972). This class of estimators is called minimum norm quadratic unbiased 
estimators (MINQUE) (Rao, 1970; Shukla, 1972). Piepho (1993) used maximum likelihood 
method (ML) to estimate stability variances and concluded that for a sufficient number of 
environments, the ML estimator is slightly better than MINQUE for ranking genotypes. 
Rao and Kleffe (1980) analytically showed that ML and REML estimators can be obtained 
as iterated versions of suitably chosen MINQUEs, but in the case of stability variances, 
the algorithms given by Shukla (1972) and Piepho (1993) are strictly limited to balanced 
data sets.
HI. PARTITION OF GENOTYPE BY ENVIRONMENT INTERACTION
Environmental variation and/or GEI may be statistically partitioned into different 
components. For stability studies, the partition into a predictable portion and an 
unpredictable portion is often used, leading to different parametrization and interpretation 
of stability.
1. Partition of total genotype by environment interaction
Because of the complex nature of GEI, Dickerson (1962) and Cockerham (1963) 
suggested that the part of GEI that complicates selection be determined. Their proposed 
formulas were different, but they lead to the same conclusions. The GEI is partitioned into 
heterogeneity of genotypic variance and a lack of genetic correlation among environments 
(Cockerham, 1963). The last term is important in determining the amount of GEI. If all the 
genetic correlations among environments are one, this term would be zero, otherwise, the 
lower the genetic correlations, the larger the GEI. Because heterogeneity of genotypic
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variance will not affect selection decisions, the lack of genetic correlation among 
environments should be carefully considered (Muir et al., 1992).
2. Regression approach
The regression approach, initially proposed by Yates and Cochran (1938) and 
modified later by Finlay and Wilkinson (1963), Eberhart and Russell (1966), and Perkins 
and Jinks (1968), has been the most commonly used method in literature. This method 
partitioned GEI for each genotype according to the basic linear model given below:
Yyk = p + ct; + Pj + bjlj + 6jj + eijk, [2]
where bj is the regression coefficient, lj is an environmental index, usually defined as f = 
c t j - ao r  I; = q  , and ^  is the deviation from regression. Based on these models, the part 
of the variation explained by linear regression constitutes the predictable part, and the 
remainder, i.e., mean square deviation from regression, the unpredictable part. For this 
reason, the entire variation is not represented by the regression coefficient (bj) and 
conclusions relative to stability by interpreting only bj would be biased when the 
relationship between variables is not strictly linear. Based on the values of bj, both biologic 
and agronomic stability can be interpreted, depending on whether a genotype with bj=0 is 
judged as stable, or a genotype with bj=l is regarded as stable. The regression approach for 
studying stability has been criticized by several authors because it fails to accommodate 
some of the statistical assumptions relative to a regression analysis, mainly because and 
I; are not independent (Freeman and Perkins, 1971; Lin et al., 1986; Pham and Kang,
1988). Statistical and biological limitations o f this method are discussed in detail by Crossa 
(1990).
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3. Pattern and noise
Another partitioning of GEI variation reflects an explainable portion termed pattern 
and the remaining unexplained portion noise (Gauch, 1992). Additive main effects and 
multiplicative interaction (AMMI) analysis is used for this purpose. An AMMI model for 
a two-way data set is:
Yjj = n + ct; + Pj + 2 k Ak r* Wjk + 6;,-, [3]
where Ak is the square root of the eigenvalue of the principal component (PC) analysis for 
axis k , and and are the PC eigenvectors for axis k  o f the i-th environment and j -th 
genotype, respectively. Ordinary least square solutions are obtained for the part of [3] 
which is linear (additive) in parameters (p, a„ and Pj). These solutions depend on the 
assumptions and parametrization of the main effects (Neter et al., 1996). Orthogonal least 
squares solutions for the multiplicative part of [3] (interaction) are obtained by finding the 
first PC axis that minimizes orthogonal (perpendicular to the axis) distances (Casella and 
Berger, 1990). The second PC axis is orthogonal with the first, capturing some of the 
remaining variation after the first axis is removed. This procedure is continued until all the 
pattern is captured and the remaining variation constitutes the noise.
The possible maximum number of axes is equal to the degrees of freedom for GEI, 
but most of the variation is associated with the first few axes. The large eigenvalues of the 
early PC axes capture pattern, whereas the small eigenvalues of the later PC axes recover 
noise (Gauch and Zobel, 1988). The first PC of AMMI would be equal to an orthogonal 
least square solution for bj and regression approach may be considered as a special case of 
AMMI with only one PC axis. By using more than one PC axes, the variability captured
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by pattern increases relative to predictable variation captured by regression. For this 
reason, the variability o f GEI captured as pattern by AMMI is expected to be larger or at 
least equal to that captured by the regression.
There are several opinions on how to determine the number of PC axes to retain as 
pattern and have a parsimonious model. Gollob (1968) developed an approximate F-test 
for this purpose, which is considered to be extremely liberal mainly because it does not 
control the type I error rate (Cornelius et al., 1996). Gauch and Zobel (1988) and Gauch 
(1992) have shown that a cross-validation procedure improves the accuracy of prediction, 
and they recommended the data-splitting method (e.g., in a four-replication experiment, 
two replications are used for modeling and two replications are used for validation) as a 
criterion for model choice. Cornelius et al. (1996) proposed a variety of F-test 
approximations to be used in different experimental situations. Although tests are available, 
there is need for additional evidence to prove their efficiency in selecting a parsimonious 
model.
4. Type 4 stability
In multi-year and multi-locations experiments, both genotype by year and genotype 
by location interactions may be significant. The relative importance of genotype by year 
and genotype by location variance components varied from region to region in a summary 
of several corn experiments reported by Sprague and Eberhart (1977). For this reason, it 
would be desirable to distinguish between stability related to years and stability related to 
locations (Barrah et al., 1981). Based on the idea of predictable and unpredictable variation 
(Allard and Bradshaw, 1964), Lin and Binns (1988) partitioned the non genetic variation
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into a predictable component related to locations and an unpredictable component resulting 
from year-to-year variation. They suggested the use of the usual regression approach for 
the predictable part and the mean square for years-within-locations for each genotype as 
a measure of unpredictable variation. The latter statistic was termed Type 4 stability. Lin 
and Binns (1988) pointed out that Type 4 stability was important for breeding because 
unpredictable variation cannot be controlled and one must rely on homeostatic property of 
the genotype itself. Type 4 analysis is not strictly a partition of GEI. But if necessary, GEI 
can easily be partitioned into genotypes x locations and genotypes x years-within-locations; 
portions of the last term corresponding to each genotype can be used as a measure of 
stability. To obtain an estimate of Type 4 stability, experiments repeated in time are 
necessary. This is not unusual for varietal yield trials, but most experiments cover only a 
two to three-year period and testing the same genotypes in all locations and years is 
sometimes difficult. In these cases, variance-component estimation, based on the 
procedures given in section IV, may be suitable.
Xie and Mojisidis (1996) proposed a partition of phenotypic variance for each 
genotype into three components, viz., location variance, years-within-locations variance 
and error variance. They argued that a stable or unstable performance of a genotype 
resulted from the effects of locations, years-within-locations and plot error, and that this 
partition included both predictable and unpredictable variations, whereas Type 4 stability 
included only unpredictable variation.
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IV. BREEDING FOR STABILITY
Selection for yield stability is a criterion in many breeding programs, although the 
way this is carried out varies. There are several approaches to select for stability.
1. Selection for stability based on stability parameters
Selection based on stability statistics requires a relatively large number of test 
environments. Testing is usually done during the late stages of cultivar development 
because adequate quantity of seed in the early stages is not generally available. Stability 
improvement depends strongly on the properties of the stability parameter to be used for 
selection.
a) For successful implementation into a breeding program, a stability parameter 
must be interpretable, informative, and easy to integrate with the basic quantitative genetics 
theory. There are several methods for parametrization of stability and none of them seems 
to be universally acceptable and nor satisfies every aspect of stability analysis. Their 
efficiency depends on the experimental situation, breeding objectives, and resources. Often 
breeders confront a dilemma of which method to use, and sometimes, how to use it.
b) From a breeding standpoint, the characteristics to be selected must be reasonably 
heritable to make progress from selection. Heritability o f stability parameters is rather low. 
Becker and Leon (1988) reported low values of heritability for regression coefficient and 
standard deviation from regression estimated according to model [3]. They suggested that 
increasing the number of test environments would increase the estimates of heritability. Lin 
and Binns (1991) investigated the heritability of several stability parameters using data 
from smooth bromegrass diallel crosses. They concluded that the variance of a genotype
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across environments, which is a parameter related to biologic stability, showed significant 
additive effects. The same conclusions were reached for Type 4 stability that, too, is 
related to the biologic concept of stability. Non-significant additive effects resulted for 
Wrickes’s ecovalence suggesting that this parameter, related to agronomic stability, was 
not heritable.
Repeatability of stability parameters is also low. Eagles and Frey (1977) stated that 
a trait or parameter to be used effectively in selection must be repeatable across samples 
of environments. Leon and Becker (1988) observed a relatively low year-to-year 
repeatability of single-year estimates of stability in trials conducted in several years and 
locations, but this might be related to the genotype by year portion of interaction that, 
unfortunately, was not identified. Pham and Kang (1988) also reported low repeatability 
for deviation from regression (Eberhart and Russell, 1966), stability variance (Shukla, 
1972), and coefficient of variation (Francis and Kannenberg, 1978). They grouped 
environments into low-yielding and high-yielding and concluded that the rank correlations 
between stability estimates of the two sets of environments were negligible. Similar results 
were obtained when environments were randomly assigned to two groups or four groups.
2. Indirect selection
Indirect selection is defined as the improvement of a desired characteristic by 
selecting for a related trait. This is useful when heritability of the primary trait is low, there 
is a good genetic correlation between traits, and it is easier to measure for the secondary 
trait. Indirect selection is theoretically regarded as promising because heritability of 
stability estimates is low. But on the other hand, it is difficult to find traits that are strongly
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correlated with stability. Trait performance is related to the testing environments. The 
effects o f pleiotropy and linkage (Falconer, 1981) are not easily tractable when stability is 
considered. Frey (1964) suggested that estimates of heritability may be used to choose the 
best environment(s) for selection. In the case of stability, the definition of target 
environments is an important step in defining for what and how to select. Rosielle and 
Hambling (1981) indicated that selection for tolerance reduced mean yield in nonstress 
environments. To obtain a yield increase in nonstress environments, genetic variation in 
stress environments must be greater than that in nonstress environments, but selection for 
mean productivity would usually result in yield increase in both stress and nonstress 
environments (Rosielle and Hambling, 1981). The choices of the environment(s) or 
alternative trait as a selection criterion are usually interrelated because of the environment 
by trait interactions and they can be used to compensate each other.
Traits used for indirect selection for stability are those mainly related to plant 
architecture and physiology, stress tolerance, and disease resistance. Eberhart and Russell 
(1969) showed that two-eared com genotypes had lower regression coefficients and 
deviations from regression mean square than one-eared com genotypes. Late maturity com 
genotypes were better adapted to high-yielding environments than the early maturity 
genotypes (Loffler et al., 1986). Biames-Dumoulin et al. (1996) concluded that an 
important part of GEI in pea (Pisum sativum) was due to the interaction of environments 
with earliness to flower and the duration of seed-set period when genotypes were grown 
under drought stress conditions. Small seeded field bean genotypes were more stable than 
large seeded ones (Dantuma et al., 1983). Ceccarelli et al. (1991) conducted an intensive
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study on barley traits related to phenotypic stability under low-temperature and moisture- 
stress conditions. They concluded that growth habit, cold tolerance, vigor, and time to 
flower were the most important traits, but their individual effects were not independent. 
The interaction among traits is mostly responsible for a stable performance under such 
stress conditions. Therefore, breeding for stability should include individual traits in their 
dynamic combinations as a part of plant architecture (Ceccarelli et al., 1991). Based on 
observations of different rice genotypes in yield trials, Gravois et al. (1990) concluded that 
susceptibility to diseases and lodging contributed to unstable performance of these 
genotypes across environments. Determination and elucidation of the causes of instability 
would contribute to improvement in performance stability. This is relatively simple when 
only a few genes are involved, but its becomes more difficult in the case of traits involving 
quantitative inheritance and presence of GEI.
V. REPLICATIONS AND GENOTYPE BY ENVIRONMENT INTERACTION
The study of GEI and estimation of stability parameters are related to test 
environments. Selection of target environments, which was discussed earlier, is an 
important aspect of efficient experimentation, but experimental design, including 
replications and allocation of resources, also affects selection of superior genotypes. There 
are several statistical and practical guidelines to determine the needed number of 
replications in an experiment (Cochran and Cox, 1957; Steel and Torrie, 1980; Mead and 
Cumow, 1983; Petersen, 1994). A detailed analysis of the tradeoff between number of 
genotypes and number of replications in selection experiments was given by Gauch and 
Zobel (1996). In this section, replications will be discussed in the context of multi-
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environment experiments. Discussion will also show the benefits of reducing number of 
replications and increasing number of test environments to reduce the cost of 
experimentation and elucidate GEI in greater detail.
1. Number of replications
Replications enable the estimation of experimental error. In a completely 
randomized design, variance of the mean is a direct function of number of replications,
° \ . r  a\ 1 *>>
where o2? j = variance of the mean, o2e = variance of experimental error, and n = number 
of replications. The same holds for a randomized complete block design, although variance 
among blocks (blocks considered as random) is a part of the numerator in addition to error 
variance.
<J2v.j= ( + ° 2r) /  n,
o2r = variance among blocks. Thus, increasing the precision of the estimates of treatment 
means or contrasts in both cases depends strongly on the number of replications.
In multi-environment experiments (random environments), this relationship is not 
straightforward. Let us consider a series of randomized complete-block designs in different 
environments.
Y iik =  H  +  a i +  Y a c +  P j +  S i j +  € ijk 
Model [5] is similar to [1], but y^  the replication within environments effect, is added. 
Genotypes are considered as fixed and all the other effects as random. The covariance 
structure of the individuals given below is based on the assumptions o f independent and 
identical distribution of random effects in the model.
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cov ( Yijk, Yijk ) = oV* = o2e + a2r/E + a \ + o2GE 
cov ( Yi* > Ys,k ) = a \ + o2ge 
cov ( Y ^ , YiTk ) = 0,
where o2̂  = replications within environments variance, o2E = environmental variance, and 
a2GE = GEI variance. The variance of the mean,
4 j .  = ^  4 *  -  ^  cov (Y(k. ]
o 2v.j. = ( o2e + o2̂  + no2E + no2GE) / (en)
Because n appears in both numerator and denominator, e, the number of environments is 
more important than n in reducing o2?j . Thus, in multi-environment experiments, it is 
advisable to have fewer replications than usual, but a greater number of test environments, 
assuming that the cost of increasing number of replications is the same as increasing 
number of environments. Thus, in addition to reducing the error term, this strategy would 
provide a better representative sample of target environments. The importance of 
increasing number of environments versus number of replications is shown in several 
studies (Gupton et al., 1974; Brennan et al., 1981; Bradley et al. 1988; Johnson et al., 1992; 
Milligan, 1994).
The relationship between number of replications and number of environments 
depends also on experimental design and statistical analysis of the data. Advanced error- 
controlling approaches reduce the number of needed replications and improve decision­
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making for allocating limited resources. Blocking, a classic principle of experimental 
design, is extremely effective in controlling plot-to-plot variation and reducing error. Van 
Es and van Es (1993) found spatially dependent variation in field experiments and reported 
that autocorrelations of the nearby plots affected treatment comparisons. Comparing three 
types of spatial analysis, trend analysis, nearest neighbor analysis, and models with 
correlated errors, Brownie et al. (1993) concluded that these statistical analyses, in which 
the spatial variation of experiments is accounted for in estimating treatment means, can 
improve precision, but it is difficult to select the most appropriate method for a given data 
set. Gauch (1992) showed that AMMI model was two to four times more efficient than 
conventional analysis of variance. An AMMI-analyzed experiment with three replications 
is as accurate as a six to 12-replication experiment analyzed conventionally. Thus, for the 
same total number of plots, the researcher can increase the number of environments and 
reduce the number of replications per environment.
2. No replications
The idea of non-replicated experiments has been discussed in literature from two 
aspects; implementation of a non-replicated experimental design, and development of a 
statistical analysis to estimate error. A good statistical and practical solution is yet to be 
found.
a) Experimental design
The pattern of covariance of experimental plots related to their spatial layout in the 
field can be modeled to obtain an estimate of error. Structuring the covariance pattern 
among some control treatments, repeated several times within the design, and other
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treatments to be tested, Federer (1956) proposed a class of non-replicated designs called 
“augmented designs.” Some test plots and control plots were randomly assigned in blocks 
and the estimation of block effects and error was done with respect to control lines. 
Because the implementation of augmented design posed two major problems of systematic 
control of soil variation and undefined block shape, Lin and Poushinsky (1983) proposed 
the modified augmented design. The structure of this design was basically a split-plot, the 
shape of subplot was nearly square so that the distances among plots were more 
homogeneous, and the number of treatments was flexible (Lin and Poushinsky, 1983). 
Augmented designs are proposed for the early stages of plant selection, where the use of 
common replicated designs is difficult because of the need to test a large number of lines 
and the availability of only a limited amount of seed. Practical use of augmented design has 
been limited. A relatively strict experimental layout of these designs, needed for estimating 
error and testing, makes their practical implementation difficult. There is also a lack of 
evidence in literature on comparisons of augmented designs with randomized complete- 
block designs in variety trials.
b) Statistical analysis
Traditional ANOVA cannot be applied for non-replicated yield trials conducted in 
different environments because GEI and error term will be confounded. After main effects 
(genotypes and environments) are recovered, the residual cannot provide an unbiased 
estimate of error. The AMMI analysis is useful to extract GEI (pattern) and separate it from 
error (noise) by applying PC analysis to the residuals, after main effects are removed 
(Milliken and Johnson, 1989; Gauch, 1992). Willers et al. (1995) described an AMMI
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
procedure to obtain estimates of error. Initially the presence of GEI is determined by 
testing the significance of the PC eigenvalues. If GEI is not detected, residuals can provide 
an estimate of error, otherwise genotype by environment combinations (Ys) responsible for 
GEI need to be identified. This can be done by pairwise-contrasts of combinations of 
eigenvectors for genotypes and environments and/or simultaneous contrasts among them, 
depending on how many PC axes are needed to explain GEI (Willers et al., 1995). An 
improved estimate of error can be obtained once the sources of GEI are identified. If GEI 
is explained by only one PC axis, a recommended simple procedure is to delete the 
nonadditive cell (genotype by environment combinations, Yy) that are responsible for 
GEI, and refit an additive, two-way model (ANOVA) to the remaining data (Milliken and 
Johnson, 1989). Because of the absence of GEI, residuals will provide the error in this case. 
If two PC axes explain GEI, a “combined contrast method” is recommended by Willers et 
al. (1995) who also compared the unreplicated model output to the mean response of 
replicated experiment data. They found AMMI model to be useful, but the need for 
additional theoretical work on this issue was also suggested.
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MATERIALS AND METHODS 
L FIELD EXPERIMENTS
Two sets of commercial com hybrids (EM, early maturity; and MFM, medium- and 
full-season maturity) were grown at multiple planting dates for three years (Apr. 1, Apr. 
22, and May 17,1993; Apr. 28 and May 23, 1994; March 24, Apr. 26, and May 15, 1995) 
on Commerce silt loam soil (fine silty, mixed, nonacid, thermic Aerie Fluvaquent) at the 
Ben Hur Plant Science Farm, Baton Rouge, Louisiana. Randomized complete-block 
designs with three replications in 1993, and four replications in 1994 and 1995 were used. 
Plot size for Apr. 1 and Apr. 22, 1993 planting dates was 12.2 m x 2 rows, and for all other 
planting dates, it was 4.6 m x 2 rows. Rows were spaced about 1 m apart and seeding rate 
was about 6.6 seeds m*1.
Midsilk dates (50% of plants with silks emerged) were recorded on a plot basis. In 
1993, approximately 30 d after midsilk, ear moisture content of 11 randomly selected 
plants per plot for early maturity hybrids (E93) and medium- and full season maturity 
hybrids (M93) was recorded (Moisturel) using the electronic probe device developed by 
Kang et al. (1978). Number of plants per plot was reduced to five in 1994 and 1995. Thirty 
days after Moisturel, a second probe reading (Moisture2) was taken on the same 11 plants 
per plot. Occasionally, readings were delayed by 1 to 2d due to rainfall on a scheduled 
reading day. The EMLR (g kg"1 d"1) was calculated as: (Moisturel - Moisture2)/ (number 
of days between Moisturel and Moisture2).
The 1993 data were used to determine the optimum allocation of plants per plot, 
replications and planting dates, whereas 1994 early maturity hybrids (E94) and medium-
26
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and full- season maturity hybrids (M94) data were used to validate the conclusions from 
the 1993 analysis. Combinations of three years and planting dates were considered as 
individual environments for analyzing GEI. Growing degree days were calculated for the 
periods from planting to midsilk (GDD1) and from planting to black-layer maturity 
(GDD2) in accordance with the formula given by Aldrich et al. (1975). Total amount of 
rainfall, mean relative humidity, and wind speed were computed for the midsilk-to- 
Moisture2 period for each hybrid by environment combination, 
n. STATISTICAL ANALYSIS
1. Optimum allocation of resources
Sums of squares were partitioned according to the following general linear model: 
Y8k= p  + ri+ p j + eij + sijk, [ 6 ]
where p was the overall mean, r; was the replication effect, Pj was the hybrid effect, and 
Ejj and sijk were experimental and sampling error effects, respectively. Hybrids were 
considered as fixed and replications as random. Each observation was assumed to be 
normally distributed with mean, p + Pj, and variance, <j2w + + &T , where, <?w was
sampling error variance component, o2c was experimental error variance component, and 
o2r was replication variance component.
In a situation where differences among hybrids exist (Hq is rejected), the F-value 
from ANOVA followed a noncentral distribution with a noncentrality parameter calculated 
as (Geng and Hills, 1978):
= [ rb (Sp2)/g (a2w + ro2e) ]m
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where, r was the number of plants per plot; b was number of replications; Ep2 was sum of 
squares for hybrid effects, and g was number of hybrids.
Power of the test was calculated via SAS® (1985) as:
Power = 1 - PROBF(F, v1} v2, A), 
where F was the critical F-value for hybrids at a=0.05; vt and v 2 were, respectively, 
numerator and denominator degrees of freedom; and A = g(j)2 .
Considering the covariance structure of observations, variance of a hybrid mean 
was calculated as:
o?.j. = + ro2e + ro2r ) / (rb)
Based on the experimental values of o2̂  o2£ and dLt for E93 and M93, and given 
values of r (from 1 to 11) and b (from 2 to 5), respective a \ } were simulated. Relative 
efficiencies (RE) were calculated by dividing the values of variance of the mean (r=l 1, 
b=3) for respective experiments by simulated variances of the mean for different b and r 
combinations, as described by LeClerg et al.(1966). Only E93 and M93 data were used for 
this analysis.
The model for analyzing hybrids at three planting dates was:
Yjju = P + a; +Yfc + Pj + 8jj + eijk + sjjkl) [7]
where p was the overall mean, a ; was planting date effect, v* was replication within 
planting date effect, Pj was hybrid effect, was the planting date x hybrid interaction, and 
and Sp were experimental error and sampling error effects, respectively. Planting dates 
were considered as random because no specific inference for them was important for the
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purpose of this study. The variance for each observation was ° 2W + + ®2hp + o2r/r + a2P,
where, o2̂ ,  d r/?, and o p were, respectively, variances for hybrid x planting dates, 
replications within planting dates, and planting dates.
Variance of a hybrid mean was calculated as:
= ( ° 2w + r°2E + bro2̂ , + ro2r/P + bro2P ) / (brp), 
where r was number of plants per plot, b was number of replications, and p was number of 
planting dates. Relative efficiencies for E93 and M93 were calculated, as described 
previously, by changing respective values of r (from 1 to 11), b (2 and 3), and p (2 and 3).
2. Stability variances
a) Model and assumptions 
The model for analyzing GEI was:
y = XP + Zta + ZjY + S A i A  + e [8]
where y was n x 1 vector of observations; X and P were design matrix and vector effects 
(parametrized as p+PJ for genotypes (l^k<g, g  is the number of genotypes); Z t and a 
were design matrix and vector of effects (a j, respectively, for environments (l^isa, a was 
the number of environments); Zn and y were design matrix and vector of effects (Yj ) for 
replications within environment (b was the number of replications); and 6k were, 
respectively, design matrix and vector o f effects for GEI of the k-th genotype; and e was 
vector of experimental error effects.
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Genotype effects were considered as fixed, and environments and replications as 
random. The GEI was random as the interaction between a random and a fixed effect. For 
each random effect:
- environmental effects were iid, N(0, o2̂
- replications/environments effects were iid, N(0, o2̂
- GEI effects for each genotype were iid, N(0, o2GE(k))
- errors were iid N(0, o2e)
Random effects had the following variance-covariance matrix:
V
 ̂ 2 
I°E 0 0 0 0 0
\
0
Y 0 I°R/E 0 0 0 0 0
0 0 0 0 0 0
= 0 0 0 I°GE$c) 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0
where I was an identity matrix and o2E , o2̂  , o2GE ̂  , o2e were respective variances for 
environments, replications within environments, GEI for the k-th genotype and 
experimental error. This variance-covariance structure assumed random effects to be 
independent within each source of variation as well as uncorrelated between sources. If,
u -  («' f  . . .  . .  . *>,)■
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then, var(u)=G, when G was a square matrix with diagonal elements; Gx= Ia2E) G2= Ia2̂ ,  
G  3k= Io2GE(k) , and off-diagonal elements zero. Because errors were assumed to be 
independent, var (e)=R, where R = Io2e.
The vector of observations, y, was assumed to be multivariate normal with mean, 
E(y)=Xp,
and variance-covariance,
V(y)=a2EZlZxl+o2R/EZ2 Z2' +^ 1 to2GE(I£)Z3|CZ3 k, + a2eI.
V = V(y) = ZGZ + R, and o = ( o \  o2jyg ĉ geu) — ^geoo ĝe(p) ) was the
vector o f variances we were interested in, particularly o2Geoc)’s> which were going to be 
interpreted as a measure of stability,
b) Likelihood function
To write the likelihood function, the assumption of multivariate normal distribution 
of y is considered. The likelihood function was defined as:
L(P,o)=(27t)-n/2 |V|-* e x p l-^ y -X p y v 1 (y-XP)} [9]
To compute the maximum likelihood (ML) estimates, the likelihood function needs to be 
maximized with respect to the unknown parameters. It is more convenient to maximize the 
log-likelihood function as both likelihood function and log-likelihood function have the 
same defined maximum with respect to the parameters of interest. By taking the log of [9]: 
logL(P,o)= -n/21n(27t) -1 /21n [ V| -V^Cy-XP)' V 1 (y-Xp) [10]
The first part of [10] is irrelevant because it is constant for all values of P and o. The first 
partial derivatives are:
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3L(P,o)/ap = X'V*l(y-XP) , and
3L(p,oyao^= - l/2tr[V-1(3V/aa^J+^Cy-Xp)' V 1 (dV/do2) V^y-Xp) 
where a2 is one of the elements o f the o vector. By setting to zero the above equations 
become:
X 'V lXp = X 'V ‘y, and
(y-Xp),V-l(3V/3o2) V*l(y-XP) = trtV^aV/do2)]
These equations are not explicit and need to be solved iteratively.
Similar to ML, REML estimation requires y to have multivariate normal 
distribution (Patterson and Thompson, 1971). The REML estimates of variance 
components are constrained to be in the parameter space (i.e. o2 > 0) and invariant 
(Harville, 1977). The REML utilizes the same quadratic forms as MINQUE. Rao and 
Kleffe (1980) showed that ML and REML estimators can be obtained as iterated versions 
of suitably chosen MINQUE’s. The REML and ANOVA methods lead to the same 
estimators of variance components when data are balanced, ANOVA variance components 
estimates are positive, and data are normally distributed.
To obtain the restricted likelihood function, first, the fixed effect vector, XP, needs 
to be fitted. Let K be a matrix such that:
E(K'y) = K'Xp = 0, which means K'X=0, and
rank(K) = n -g ; n is the total number of observations, and g  is rank of X.
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The rank of K  is less than its dimensions. In K 'y  which is nxl, it suffices to consider only 
the n-p linearly independent elements because the rest are simply redundant. Let w=K'y. 
The model for w with dimension, n-g x 1 is:
w = K 'y  = K'(XP + Zu + e), where Z = (Zt Zj Zj^... Zjg)
= K 'Zu + K 'e, P disappears because K'XP = 0.
The distribution of w is multivariate normal, w -  N(0, K'VK), but does not depend on P 
(marginal likelihood of a). The likelihood function is:
L(o)=(27t)(n‘py2 |K 'V K |* expf-l^w'fK'VKV'w)} [11]
The analogy between [9] and [11] is evident. The terms, y, X, Z, and V in [9] are, 
respectively, w, 0, K'Z, and K'VK in [11],
c) Mixed model equations
A model is called mixed when both random and fixed effects are included in it. 
McLean et al. (1991) discussed in detail different approaches of analyzing mixed models. 
Based on generalized least squares approach, Henderson (1975) developed mixed model 
equations (MME).
X 'R 'X  XTT'Z, X 'R -‘Zj
Z',R 'X Z jR ^Z j+G ,"1 Z 'jR ^Z j 
Z'jR "lX Z '2R ' lZ, Z 'jR ^Z j+ G j1
Z ^R ‘X Z'JkR ‘Z, Z ^ R ^ Z ,
'P X 'R 'y
Z 'P -% k a Z ',R _1y
y z p  v
K Z'*R ‘y
k * ! k /
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This method is important in quantitative genetics and breeding because it provides 
estimations for fixed effects, best linear unbiased estimators (BLUE), predictors for 
random effects, best linear unbiased predictors (BLUP), and variance components. This 
procedure was used to estimate GEI variances based on model [8]. The setup of MME is 
given in [12]. Considering, R = Io2£ , and G,= I a 2E, G2= Ia 2̂ ,  G3k= Io2GE(k) , and by 
factoring out o2e, the vector of effects was obtained as :
r X'X X'Z, X'Z2 X'Z3k -1
£
fp]
Z \ X  Z'jZj +1—
4




? Z 2X Z'2Z, Z'jZj+I— z \y
K • z'3ky
Z'3kx  z'3kz, d2• z 'A + I t -  • •
< * j ÊG(k) I •
[13]
and, M =
c „ C\2 C13 c 1(1̂ 3)
C21 ^22 c 2(k+3)
C31 (-32 C 3 3 c 3(k*3)
n‘-(k*)! C<Jc-3J2 c (k»3)3 C(k6)«c*3)
• /
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where M  is the inverse o f matrix in [13].
REML estimates for variance component were (Searle et al. 1992):
„ a  [d'i& + iKcyaJ]
° E  =  ----------------------------------------------a
[ f ' l f  *
I
&2 = [ S ' A  *
G‘B5c) no . columns o f  Zjk
&2 = [ / y  -  $ X ' y  -  u ' X y ]
(n~g)
To obtain the above estimates of variance components, starting values were given to 
variances, then solved for the vectors of effects using [13], and these estimates were used 
to calculate the first cycle variances, using above equations. This procedure was iterated 
several times until convergence was achieved (difference between two successive iterations 
was less than lO"6). Likelihood surfaces may have multiple local maxima. As the same 
potential problem exists with restricted maximum likelihood, it is appropriate to restart 
iteration process with a different set of starting values to somewhat better ensure that a 
global maximum has been achieved.
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d) Covariates
Contributions of individual environmental factors, or combinations thereof, used 
as covariates to GEI, were determined. The 6 ^  below represents the part of GEI explained 
by the covariate(s).
5Cov — c A
where c was the vector of environmental variable (matrix for more than one variable), and 
X linear regression coefficient (vector of linear regression coefficients for more than one 
variable). The effect(s) of environmental variable(s) was/were the proportion of the ratio 
between o2GE’s after and before the removal o f the effect(s) of covariate(s).
Standard errors of the estimates of variance components were the square root of the 
diagonal elements of the inverse of Fisher’s information matrix. Each element of Fisher’s 
information matrix was calculated as (Searle et al. 1992): 
l/2tr(PZjZj 'PZjZ,') 
where P = V 1 - V lX (X' V 1 X)'1 X' V 1
The estimates of variance components were assumed to be normally distributed. This 
assumption was used to test the hypothesis relative to variance components:
Ho:o2 = 0
Solutions obtained for genotypic effects were parametrized as cell means. The F-test was 
used to test differences among genotypes. A program in PROC IML of SAS® (SAS Inst., 
1985) was written to perform the statistical analysis.
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RESULTS AND DISCUSSION 
L OPTIMUM ALLOCATION OF RESOURCES
1. Single planting dates
There were significant differences for EMLR among hybrids in all planting dates 
except forE93 planted on 17 May (Table 1). Method of moment used to estimate variance 
components produced some negative estimates that were considered as zero in Tables 1 and
3. Power of the test (1-P) values were > 0.86 for all experiments containing E93 and M93 
hybrids (Table 2). As there were no significant differences among E93 hybrids planted on 
17 May, thus the noncentrality parameter was regarded as zero. Therefore, <J> and (1-0) 
values are not presented in Table 2. Power of the test values were used to determine if the 
benchmark sampling plan (11 plants and 3 replications) was adequate for EMLR 
evaluation. For optimal significance levels in crop performance trials, Carmer (1976) 
suggested levels of Type-II error (0) in the range of 20 to 30 percent. Kang (1993) 
concluded that high levels of 0 would be more harmful to growers than would be high 
levels of a, and suggested power of test values between 0.70 to 0.80. In our case, the 1-0 
values were higher than 0.80, which means that our benchmark sample size was adequate 
for detecting differences among hybrids, and that there was adequate experimental material 
to determine optimal allocations.
Variances of the mean (o2? j ) were used to compare sampling plans with different 
numbers of plants per plot or replications (LeClerg et al., 1966). Variance of the mean is 
directly related to experimental error and indirectly to sample size as well as combinations
37
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
38
Table 1. ANOVA for ear moisture loss rate o f single planting dates of early-, and medium-
and fiill-season com hybrids grown in 1993.
Mean squares Variance components
Source of
variation df 1 Apr. 22 Apr. 17 May 1 Apr. 22 Apr. 17May
--------- o/od-2----- ------------- -------------
Early hybrids
Replications 2 0.256 0.048 0.001 0.003 0.000 0.000
Hybrids 21 0.366** 0.411** 0.088 t t t
Experimental
error 42 0.134 0.191 0.056 0.008 0.015 0.003
Sampling
error 660 0.043 0.023 0.015 0.043 0.023 0.015
Medium- and fiill-season hybrids
Replications 2 0.301 0.625 0.333 0.004 0.015 0.005
Hybrids 33 0.301* 0.293** 0.244** t t t
Experimental
error 66 0.166 0.114 0.166 0.011 0.008 0.013
Sampling
error 1020 0.042 0.025 0.022 0.042 0.025 0.022
*, ** Significant at the 0.05 and 0.01 probability levels, respectively.
■f Indicates that variance component does not apply because hybrids were considered as fixed.
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Table 2. Noncentrality parameters and power of the tests for ear moisture loss rate of early-
and medium- and fiill-season com hybrids grown in 1993.
Planting dates










<l> (1-P) <t> (1-P)
1 Apr. 1.242 0.859 1.265 0.964
22 Apr. 2.045 0.984 1.162 0.919
17 May t t 1.138 0.919
f  Indicates that no calculations were made because there were no significant differences among hybrids.
of number of plants per plot (observations per unit) and number of replications (number 
of units), as explained by Cochran (1963) and Steel and Torrie (1980). Lower values of 
a 2 7  j imply a smaller experimental error and thus better precision in hybrid comparisons. 
Experimental values of were considered as standards for calculating RE. The relative 
efficiency of the benchmark sampling plan (11 plants, 3 replications) was 100% (standard 
RE).
The relationships between RE, number of plants per plot, and number of 
replications, are given in Figures 1 and 2. The patterns of relationship were similar for both
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Figure 1. Relationship between number o f plants per plot and relative efficiencies for two to five replications o f  early 
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Figure 2. Relationship between number o f plants per plot plants per plot and relative efficiencies for two to five 
replications o f medium and full season maturity com hybrids planted on Apr. 1, 1993 .
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tests. With up to eight plants per plot and three replications, a RE of not less than the 90% 
limit of standard RE, can be achieved. When the number of plants per plot, in the case of 
three replications, is more than eight, the response curve tends to be linear and parallel to 
the X-axis. So, using more plants per plot beyond this limit will not increase accuracy or 
efficiency. With four replications and 11 plants per plot, an RE of about 133% would be 
achieved, as compared with the benchmark of three replications and 11 plants. One can use 
five to six plants per plot and four replications (20 to 24 plants total) and achieve the same 
efficiency as the benchmark (33 plants total).
Replications are relatively more important than plants per plot in determining the 
precision of an experiment. In addition, by reducing the number of replications, the effect 
of increasing plants per plot is mitigated. A greater accuracy would be achieved by 
increasing plants per plot, when four, instead o f three, replications are used. The same 
tendency existed when the number of replications was greater than four or less than three. 
For example, with two replications and 11 plants per plot, an RE of about 67% of standard 
RE would be achieved. But in this case, it is much more difficult to increase accuracy by 
increasing plants per plot because the response is low. Based on Figure 1, REs for different 
combinations of plants per plot and replications can be compared, and their optimal 
combination for a specific experiment can be determined.
Based on these results, E94 and M94 tests were conducted the following year 
(Table 3). Power of the test values for E94 and M94 (Table 4) were slightly lower than 
those for E93 and M93 (Table 2), but still in the range recommended in literature (Carmer,
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Table 3. ANOVA for ear moisture loss rate of single planting dates of early-, medium- and
full-season com hybrids grown in 1994.
Mean squares Variance components
Source of variation df 28 Apr. 23 May 28 Apr. 23 May
---------- ...................... % d'2 —
Early hybrids
Replications 3 0.091 0.145 0.000 0.000
Hybrids 12 0.527** 0.570** t t
Experimental error 36 0.200 0.281 0.031 0.049
Sampling error 208 0.044 0.034 0.004 
Medium- and full-season hybrids
0.034
Replications 3 0.056 0.106 0.000 0.000
Hybrids 18 0.471** 0.514** t t
Experimental error 54 0.181 0.151 0.028 0.021
Sampling error 304 0.039 0.044 0.039 0.044
** Significant at the 0.01 probability level.
t  Indicates that variance component does not apply because hybrids were considered as fixed.
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Table 4. Non centrality parameters and power of tests for ear moisture loss rate of early-,
and medium- and full-season com hybrids grown in 1994.
Planting dates










<i> (1-P) <t> (1-P)
28 Apr. 1.394 0.852 1.270 0.882
23 May 1.719 0.973 1.212 0.841
1976; Kang, 1993) and large enough to detect differences among hybrids. Therefore, the 
outcome of E94 and M94 validates the conclusions drawn form E93 and M93 for the 
number of replications and plants per plot to be used in EMLR evaluation.
2. Multiple planting dates
No significant differences among hybrids existed, but significant planting date x 
hybrid interaction was observed for E93 and M93 (Table 5). The differences among 
hybrids depended upon planting dates. Relative efficiency for present experimental 
protocol (11 plants, three replications, three planting dates) was regarded as the reference 
value, ie., 100%. The relationships among them are given in Figures 3 and 4. The 
tendencies for E93 and M93 were similar. The RE for 11 plants per plot in three 
replications and three planting dates = RE for five plants per plot in four replications and
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three planting dates. If four planting dates, instead of three, and three replications are used, 
RE is 100% if three to four plants per plot are used. Number of plants per plot goes down 
to two for four planting dates and four replications. It is obvious that number of planting 
dates (environments) is the critical factor in determining the precision of experimental 
results. The relative importance may vary with the amount of interaction, experimental 
conditions, and variability among environments. Experimental design also plays an 
important role in determining sample size. The more the error-related variation is 
controlled by experimental design, the smaller the size of the sample needed for EMLR 
evaluation.
Prior to the availability of the electronic probe device of Kang et al. (1978), ear 
moisture content in the field was determined via the oven method. Kang et al. (1978) 
reported a strong correlation (r=0.91) between ear moisture content measured with the 
electronic probe device used in this study and that determined via the oven method. They 
developed a formula for converting probe readings to actual percent ear moisture, i.e., Y 
= -13.74 + 1.02X, where Y = percent ear moisture (oven method) and X = probe moisture. 
The formula shows that the actual percent ear moisture = probe moisture reading minus 
13.7. Therefore, conclusions drawn from this study may be applicable to those where 
EMLR was determined via the oven method.
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Table 5. ANOVA for ear moisture loss rate of early-, medium- and fiill-season com hybrids 
grown at three planting dates in 1993.
Source of variation
Early hybrids Medium and full season 
hybrids
df Mean squares df Mean squares
% d’2 % d'2
Planting dates (P) 2 2.243 2 5.283
Replications within P 6 0.102 6 0.453
Hybrids (H) 21 0.287 33 0.327
P x H 42 0.189** 66 0.206**
Experimental error 126 0.094 198 0.115
Sampling error 1980 0.027 3060 0.030
_ 2
0  HP 0.0029 0.0027
0.0061 0.0077
o2. 0.0270 0.0302
** Significant at the 0.01 probability level.
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Figure 3. Relationship between number of plants per plot plants per plot and relative efficiencies for three 
replications + three planting dates, four replications + three planting dates, three replications + three planting 
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Figure 4. Relationship between number o f plants per plot plants per plot and relative efficiencies for three 
replications + three planting dales, four replications + three planting dates, three replications + three planting 




I. Ear moisture loss rate
A significant GEI pooled across all hybrids was detected for EMLR for both EM 
and MFM hybrids or genotypes (Table 6). Genotypes were significantly different (a=0.05) 
only for MFM. The commercial hybrids included in EM and MFM were selected from 
Louisiana State Com Yield Trials and presumably represented the com germplasm to be 
used in this region. The lack of statistical differences among hybrids in EM did not 
necessarily mean that there was no genetic variation for EMLR There were significant 
differences among hybrids for individual environments but the presence of GEI obscured 
these differences when data were combined across environments.
Table 6. Variance components and probability levels for ear moisture loss rate, of early 
maturity, and medium- and full-season maturity com hybrids.
Source
Early maturity hybrids 
maturity
Medium and full season 
hybrids
o* Pr> |z| o* P r>  |z|
i k g ' d * £ k g ' d '
Hybrids (Genotypes) - 0.1103T 0.0118f
Genotypes x Environments 0.59 0.0006 0.38 0.0164
■f F-test was used to test differences among hybrids (Pr > F)
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The presence of GEI indicated that conclusions based solely on hybrid means 
would not be reliable. Hybrids responded differently to changes in environments; therefore, 
a measure of stability (o2am)) was deemed appropriate (Tables 7 and 8). The GEI for each 
hybrid was significant (o2̂  were statistically different from zero for both EM and MFM). 
For stability interpretation, o2GE(k) is regarded as a Type II stability statistic (Lin et al., 
1986). A high o2GE(k) value indicated lack of stability for the particular hybrid. There was 
no correlation between EMLR hybrid means (Y) and a2GE(k) (r=-0.13 with a=0.6053 for 
EM, where a=probability of type I error; r=0.02 with a=0.9214 for MFM). Similar 
conclusion using Type H stability statistics were reached for yield or/and other traits 
(Becker and Leon, 1988; Pham and Kang, 1988). Independence of Type II stability 
indicates the possibility of selection for a desirable characteristic and stability.
The REML method used to estimate GEI variances is more flexible than Shukla’s 
stability variance because it can be used for both balanced and unbalanced data sets. The 
REML-estimated variance components are always non negative if the positive starting 
values are used for iterating MME. When genotypes are considered as random, MME may 
be used to obtain GEI effects and predict stability. These maximum likelihood solutions 
are BLUP for GEI (Searle, 1987). Piepho (1994) showed that BLUP gave the same results 
as AMMI for a fixed set of environments.
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Table 7. Number of environments, mean (Y), and genotype by environment interaction 
variance (^ gem) for ear moisture loss rate of early maturity com hybrids.
Hybrid Number of environments Y 0 \} E (k )
g k g ' d 1 g2kg' d 3
Agratech810 8 10.117 0.51**
Dyna-Gro 5509 8 9.010 0.69**
HS9773 8 8.791 0.45**
HS9843 8 10.229 0.58**
N7989 5 9.497 0.46**
Oro 166 8 9.232 0.66**
Oro 188 8 8.609 0.53**
Pioneer 3245 6 9.142 0.81**
Pioneer 3394 5 9.367 0.46**
RX896 5 10.157 0.49**
RX897 8 10.433 0.56**
RX919 6 9.348 1.10**
TVX 1440 5 8.798 0.58**
TVX2541 5 9.951 0.56**
TVX 2542 6 9.759 0.43**
TVX 2543 8 9.899 0.66**
TVX 2930 8 9.456 0.69**
** Significant at the 0.01 probability level.
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Table 8. Number of environments, mean (Y), and genotype by environment interaction 
variance (ô eoo) for ear moisture loss rate of medium and full season maturity com 
hybrids.
Hybrid Number of environments Y ® J QE(k)
g  kg'1 d 1 g2 kg-1 d 2
Agratech 1177 8 10.545 0.39*
Cargill 8327 8 10.133 0.38*
Deltapine 4682 8 10.526 0.35*
Deltapine 4820 8 9.118 0.38*
Deltapine 8695 8 9.224 0.34*
DK743 8 9.072 0.41**
HS9944 8 9.963 0.37*
ICI8105 8 10.224 0.35*
N8811 8 8.799 0.34*
Pioneer 3146 8 10.108 0.42**
Pioneer 3154 5 9.444 0.54**
Pioneer 3163 8 10.108 0.34*
Pioneer 3165 8 9.152 0.36*
Pioneer 3167 6 9.755 0.41**
RX945 8 10.389 0.40*
TR1167 8 10.038 0.39*
TR3400 5 8.829 0.33*
TR700E 8 10.079 0.40*
TR702E 8 10.174 0.35*
Triumph 2010 8 10.729 0.37*
TVX3519 6 9.896 0.35*
*,** Significant at the 0.05 and 0.01 probability levels, respectively.
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2. Other traits
The GEI was highly significant for yield (Table 9). Kang and Gorman (1989) and 
Kang (1993) also obtained significant GEI for com yield using data from different 
Louisiana yield trials. Grouping of hybrids into EM and MFM based on their maturity 
reduced the variation within groups for GDD2. Although GDD1 was significantly different 
for both genotypes and GEI (a=0.05), GDD2 showed significance only for GEI of EM. 
Kang and Zuber (1989) indicated that the rate of grain filling had a positive effect on 
EMLR. Hybrids with higher rate of starch accumulation would be expected to be faster 
drying during the filling period. Results for GDD1 and GDD2 (Table 9) suggested different 
grain filling period as a possible source to explain differences in EMLR.
Hybrids in both EM and MFM were deemed unstable because their a2GE(k) were 
significantly different from zero (Table 10 and 11). The values of ĉ geoo greatly varied 
from hybrid to hybrid, and those for MFM were bigger than with EM.
Correlations between yield and EMLR were low and nonsignificant (r=-0.43234 
with a=0.08 for EM; r=0.074; a=0.75 for MFM). HS9843 was not statistically different 
from the top-ranked hybrid in EM for EMLR, but its yield stability was relatively low. 
Other EM top ranked hybrids for yield were slower-dryers and unstable for both yield and 
EMLR Agratech 1177 out-yielded other hybrids in MFM, ranked second for EMLR, and 
had intermediate values for yield and EMLR stability. The second-ranked hybrid for yield, 
N8811, was unstable in yield performance and ranked last for EMLR.
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Table 9. Variance components and probability levels for yield, growing degree days from 
planting to midsilk (GDD1), and growing degree days from planting to black-layer 
maturity (GDD2) of early maturity and medium- and full- season maturity com hybrids




Genotypes x Environments 156.08
GDD1 °C3
Hybrids (Genotypes)
Genotypes x Environments 116.5
maturity hybrids








Hybrids (Genotypes) 0.10 0.47
Genotypes x Environments 267.19 0.00 37.00 0.91
t  F-test is used to test differences among hybrids (Pr > F)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
55
Table 10. Means (Y) and genotype by environment interaction variances (o2̂ , )  for yield, 
and means of growing degree days from planting to midsilk: (GDD1) and from planting to 
black layer maturity (GDD2) for early maturity hybrids.
Hybrid
Yield
Y ÔEOO GDD1 GDD2
g  plane' g2 plane2 °c io -3 -
Agratech810 103.95 129.24** 976 1652
Dyna-Gro 5509 106.51 110.82** 893 1652
HS9773 109.97 163.08** 953 1641
HS9843 106.14 151.23** 952 1641
N7989 104.54 120.92** 953 1653
Oro 166 110.11 269.19** 948 1628
Oro 188 106.03 120.45** 945 1642
Pioneer 3245 108.88 232.34** 937 1619
Pioneer 3394 91.68 91.61** 917 1628
RX896 97.17 92.96** 976 1652
RX897 100.56 374.12** 952 1634
RX919 101.86 105.86** 935 1642
TVX 1440 101.33 210.47** 895 1627
TVX 2541 88.21 118.51** 936 1633
TVX 2542 91.37 111.81** 917 1634
TVX 2543 96.19 174.36** 960 1642
TVX 2930 107.40 129.28** 952 1634
** Significant at the 0.01 probability level.
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Table 11. Means (Y) and genotype by environment interaction variances (o2̂ ) )  for yield, 
and means of growing degree days from planting to midsilk (GDD1) and form planting to 
black layer maturity (GDD2) for medium- and fiill-season maturity hybrids
Hybrid
Yield
Y ^G EflO GDD1 GDD2
g plant1 g2 plant1 °C I a 3 -
Agratech 1177 128.06 192.35** 994 1713
Cargill 8327 103.84 130.24** 975 1676
Deltapine 4682 109.03 310.01** 977 1678
Deltapine 4820 107.29 243.99** 965 1681
Deltapine 8695 110.84 130.62** 954 1703
DK743 110.24 110.87** 954 1678
HS9944 93.89 231.39** 987 1681
ICI8105 103.75 255.06** 960 1681
N8811 122.12 248.08** 963 1694
Pioneer 3146 108.11 165.49** 960 1694
Pioneer 3154 105.63 173.55** 945 1668
Pioneer 3163 113.58 183.18** 945 1694
Pioneer 3165 112.57 162.32** 976 1678
Pioneer 3167 115.19 360.71** 960 1681
RX945 111.57 175.50** 976 1693
TR1167 101.17 215.02** 975 1681
TR3400 98.24 238.29** 938 1721
TR700E 115.15 114.00** 960 1694
TR702E 112.80 174.63** 954 1668
Triumph 2010 107.89 194.90** 960 1694
TVX3519 103.35 175.87** 945 1693
*,** Significant at the 0.05 and 0.01 probability levels, respectively.
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m . INFLUENCE OF ENVIRONMENTAL VARIABLES
1. Effects on total genotype by environment interaction
Individual environmental variables did not contribute significantly to GEI for 
EMLR, except for precipitation in MFM (Table 12). Precipitation was the major 
contributor to GEI. The contribution of wind speed to GEI was negligible. Kang and 
Gorman (1989) did not obtain statistical significance when they removed individual effects 
of minimum or maximum temperatures, rainfall, and relative humidity from GEI for yield. 
They concluded that the contribution of a single environmental variable might be small in 
comparison with the total number of variables involved in GEI and suggested that 
consideration of more than one variable at a time would be helpful in explaining GEI. The 
percentage reduction in GEI increased when the effects of more than one variable were 
removed (Table 12). The tripartite GDD2 +precipitation+relative humidity combination 
accounted for the largest total percent reduction in GEI across maturity groups. The 
contribution of two variables was not a simple sum of the contributions of single variables 
because of correlations that existed among variables. For instance, precipitation+relative 
humidity was not significant for EM, whereas both precipitation and relative humidity were 
the most important, although non-significant, single factors. The GDD2+precipitation 
combination reduced GEI by 24.8% for EM and 17.4% for MFM, whereas the 
GDD2+precipitation+relative humidity combination reduced GEI by 24.1% for EM and 
20.1% for MFM. The addition of relative humidity in the model, which was expected to 
strongly correlate with precipitation, did not significantly change the percentage of 
reduction in GEI.
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Table 12. Percentage reduction in genotype x environment interaction (GEI) due to 
removal of effect(s) of environmental variables from GEI.
Environmental variables Early maturity 
hybrids
Medium and full season 
maturity hybrids
Growing degree days to midsilk (GDD1) 3.5
„ % ------------------------------
3.0
Growing degree days to maturity (GDD2) 9.7 4.7
Precipitation 9.9 17.5*
Relative humidity (RH) 11.7 8.9
Wind speed 0.0 2.4
GDD1 + Precipitation 12.8 16.7*
GDD1 +RH 9.5 8.2
GDD2 + Precipitation 24.8* 17.4*
GDD2+RH 21.0 16.1*
Precipitation + RH 13.5 18.4*
GDD 1 + Precipitation + RH 10.2 18.1*
GDD2 + Precipitation + RH 24.1* 20.1*
* Significant at the 0.05 probability level.
2. Hybrid response to environmental variables
a) Early maturity hybrids
Contributions of individual environmental variables were not significant for EM 
hybrids (Table 13). The values of o2GE(k) were significantly different from zero after the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
59
removal of effects of covariates and had the same probability level of significance as ^  
before the removal of these effects for most of the hybrids. Probability levels never 
exceeded the value of 0.03, which is adequate to declare significant differences.
Significant differences were obtained when the influence of two environmental 
variables was considered (Tables 14). There were no statistical differences when GDD1+P 
and GDD1+RH were considered, although some were slightly reduced. Agratech 
810, HS9773, HS9843, N7989, Oro 166, RX896, TVX 2541, TVX 2542 significantly 
reduced their after the removal of effect of GDD2+PRE. These hybrids were stable
after the removal of GDD2+PRE, which suggests that these covariates were responsible 
for their instability. Only HS9843 became stable after the removal of GDD2+RH and none 
of the considered hybrids significantly changed its d2̂ ,  after the removal of PRE+RH 
effect (Table 14). HS9843, Oro 166, RX896, and TVX 2542 showed significant reduction 
in their d2GE(k) and were judged stable after the removal of the tripartite effect of 
GDD2+PRE+RH combination (Table 15).
The d2GE(k)’s of some individual hybrids were slightly increased after the removal 
of covariate(s) effects. These changes were not significant and were considered as random 
variation. If these changes were significant, then the respective covariate(s) would have 
been responsible for the stability of a specific hybrid.
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Table 13. Genotype by environment interaction variance components for ear moisture loss 
rate before and after removing the effects of growing degree days from planting to midsilk 
(GDD1), growing degree days from planting to black-layer maturity (GDD2), precipitation 
(PRE), relative humidity (RH), and wind speed (WS) for early maturity com hybrids.
Hybrid No covariate GDD1 GDD2 PRE RH WS
g2 kg3 d 3
Agratech810 0.57 0.55 0.52 0.52 0.48 0.59
Dyna-Gro 5509 0.69 0.68 0.64 0.59 0.58 0.70
HS9773 0.45 0.40 0.42 0.45 0.41 0.45
HS9843 0.58 0.53 0.49 0.54 0.54 0.58
N7989 0.46 0.42 0.41* 0.40* 0.42 0.47
Oro 166 0.66 0.63 0.59 0.58 0.58 0.66
Oro 188 0.53 0.54 0.49 0.52 0.49 0.53
Pioneer 3245 0.81 0.75 0.76 0.69 0.65 0.80
Pioneer 3394 0.46 0.46 0.42* 0.46 0.44* 0.47
RX896 0.49 0.48 0.46 0.41* 0.45 0.49
RX897 0.56 0.55 0.53 0.53 0.54 0.56
RX919 1.10 1.09 0.84 0.91 0.90 1.01
TVX 1440 0.58 0.55 0.52 0.50 0.49 0.56
TVX 2541 0.56 0.54 0.54 0.51 0.50 0.54
TVX 2542 0.43 0.43 0.37 0.39 0.40 0.44
TVX 2543 0.66 0.64 0.59 0.61 0.62 0.44*
TVX 2930 0.69 0.70 0.62 0.65 0.61 0.69
* Significant influence of the covariate
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Table 14. Genotype by environment interaction variance components for ear moisture loss 
rate before and after removing effects of growing degree days from planting to midsilk 
(GDD1) + precipitation (PRE), GDD I + relative humidity (RH), growing degree days from 
planting to black-layer maturity (GDD2) + PRE, GDD2+RH, and PRE+RH for early 
maturity com hybrids.
Hybrid No covariate GDD1 +PRE GDD1 +RH GDD2 + PRE GDD2+RH PRE+RH
g* ks 3 <t2
Agratech810 0.57 0.50 0.50 0.34* 0.44* 0.48
Dyna-Gro 5509 0.69 0.58 0.60 0.61 0.65 0.55
HS9773 0.45 0.40* 0.40* 0.32* 0.45 0.43*
HS9843 0.58 0.51 0.54 0.20* 0.25* 0.52
N7989 0.46 0.38* 0.40* 0.36* 0.42* 0.55
Oro 166 0.66 0.53 0.58 0.32* 0.42* 0.55
Oro 188 0.53 0.51 0.52 0.47 0.41* 0.51
Pioneer 3245 0.81 0.65 0.64 0.40* 0.44 0.64
Pioneer 3394 0.46 0.48 0.45 0.54 0.55 0.49
RX896 0.49 0.40* 0.46 0.33* 0.45 0.41
RX897 0.56 0.51 0.55 0.43* 0.37* 0.52
RX919 1.10 0.92 0.92 0.94 0.94 0.85
TVX 1440 0.58 0.47 0.50 0.39* 0.39* 0.47
TVX 2541 0.56 0.47 0.51 0.54 0.45 0.49
TVX 2542 0.43 0.37* 0.41 0.34* 0.38 0.38
TVX 2543 0.66 0.57 0.63 0.60 0.53 0.59
TVX 2930 0.69 0.63 0.65 0.43* 0.37* 0.62
* Significant influence of the covariate
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Table 15. Genotype by environment interaction variance components for ear moisture loss 
rate before and after removing effects of growing degree days from planting to midsilk 
(GDD1) + precipitation (PRE) + relative humidity (RH) and growing degree days from 
planting to black-layer maturity (GDD2) + RH + PRE for early maturity com hybrids.
Hybrid No covariate GD D1+P+RH GDD2+P+RH
g’t f * ’
Agratech810 0.57 0.50 0.42*
Dyna-Gro 5509 0.69 0.58 0.52
HS9773 0.45 0.43 0.40*
HS9843 0.58 0.53 0.33*
N7989 0.46 0.39* 0.35*
Oro 166 0.66 0.56 0.32*
Oro 188 0.53 0.53 0.43*
Pioneer 3245 0.81 0.65 0.42*
Pioneer 3394 0.46 0.50 0.50
RX896 0.49 0.42* 0.32*
RX897 0.56 0.54 0.44*
RX919 1.10 0.89 0.90
TVX 1440 0.58 0.48 0.42*
TVX 2541 0.56 0.50 0.49*
TVX 2542 0.43 0.39* 0.33*
TVX 2543 0.66 0.60 0.60
TVX 2930 0.69 0.64 0.43*
* Significant influence of the covariate
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Individual hybrids responded differently to the removal of linear effects of 
environmental variables (Fig. 5). The response of RX919 to the removal of contributions 
of all environmental variables was much larger than that of Pioneer 3394 in the EM group. 
Precipitation was not a major factor responsable for GEI of HS9773, whereas precipitation 
was the major factor affecting N7989. Precipitation and relative humidity were most 
important environmental variables for Pioneer 3245 but not for HS9843 (Fig. 5).
b) Medium and full season maturity hybrids
The GEI for EMLR was significantly influenced by the removal of precipitation 
effect in the MFM group. Eleven out of 21 MFM hybrids were judged stable after the 
removal of the effect of precipitation (Table 16). Reductions in values were 
observed for all hybrids despite the fact that some of them were not statistically significant. 
This indicated that precipitation was an important environmental variable that determined 
GEI for EMLR. Reducing precipitation by hybrid interaction for EMLR of medium- and 
full-season maturity hybrids, would reduce total GEI and increase stability for this trait. 
The removal of relative humidity effect from GEI was not significant for MFM hybrids 
(Table 12), although Deltapine 8695, Pioneer 3163, and TR3400 significantly chnage their 
stability after the removal of this covariate (Table 16).
Only GDD1+RH did not have a significant effect on GEI for EMLR in MFM when 
the effects of two covariates were considered (Table 12). Cargill 8327, Deltapine 4682, 
Deltapine 8695, HS9944, ICI 8105, N8811, Pioneer 3163, Pioneer 3165, TR 3400, and 
TVX3519 were the medium- and full season maturity hybrids that were judged stable after
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the removal of GDD1+P effect (Table 17). Eight hybrids were judged stable after the 
removal of GDD2+P effect. GDD2+RH combination significantly influenced GEI 
attribuable to Cargill 8372, Deltapine 4820, Deltapine 8695, DK743, ICI 8105, N8811, 
Pioneer 3146, Pioneer 3163, Pioneer 3165, TR3400, TR702E, TVX3519. Twelve out of 
21 MFM hybrids were significantly influenced by P+RH combination (Table 17). Both 
tripartite combinations, GDD1+P+RH and GDD2+P+RH, significantly influenced GEI of 
EMLR (Table 18). Sixteen out of 21 hybrids were judged stable after the removal of 
GDD2+P+RH effect which suggested that reducing the influence of these factors from 
EMLR would increase hybrid stability.
Differential response of hybrids to the removal of environmental variables was 
observed for the MFM hybrids as well (Fig. 6), although the pattern of differences was 
more obvious for MFM than that for EM (Table 12).
The GEI for EMLR might be an important component in predicting selection gain 
or for making hybrid recommendations for production. The use of environmental variables 
provided additional insight into the nature of interaction. The lack of a clear-cut pattern of 
hybrid response to environmental variables suggested that the response should be 
individually studied for each hybrid or groups of related hybrids.
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Table 16. Genotype by environment interaction variance components for ear moisture loss 
rate before and after removing growing degree days from planting to midsilk (GDD1), 
growing degree days from planting to black-layer maturity (GDD2), precipitation (PRE), 
relative humidity (RH), and wind speed (WS) for medium and foil season maturity com 
hybrids.
Hybrid No covariate GDD1 GDD2 PRE RH WS
g 2 kg'1 d 2
Agratech 1177 0.39 0.37 0.36 0.32 0.36 0.38
Cargill 8327 0.38 0.36 0.36 0.31* 0.34 0.37
Deltapine 4682 0.35 0.34 0.33 0.30* 0.32 0.34
Deltapine 4820 0.38 0.37 0.36 0.32* 0.35 0.38
Deltapine 8695 0.34 0.33 0.32 0.28* 0.31* 0.33
DK743 0.41 0.40 0.38 0.33* 0.37 0.40
HS9944 0.37 0.36 0.35 0.30* 0.34 0.36
ICI8105 0.35 0.34 0.34 0.29 0.32 0.34
N8811 0.34 0.33 0.33 0.29* 0.31* 0.33
Pioneer 3146 0.42 0.41 0.40 0.34* 0.37* 0.41
Pioneer 3154 0.54 0.53 0.51* 0.40* 0.46* 0.52
Pioneer 3163 0.34 0.33 0.33 0.28* 0.31 0.33
Pioneer 3165 0.36 0.35 0.34 0.31* 0.33 0.36
Pioneer 3167 0.41 0.39 0.39 0.34* 0.38 0.40
RX945 0.40 0.39 0.37 0.33* 0.37 0.39
TR1167 0.39 0.38 0.37 0.33* 0.35 0.38
TR3400 0.33 0.32 0.32 0.28* 0.30* 0.32
TR700E 0.40 0.39 0.39 0.34* 0.37 0.39
TR702E 0.35 0.34 0.33 0.31 0.32 0.34
Triumph 2010 0.37 0.36 0.35 0.31* 0.34 0.36
TVX3519 0.35 0.34 0.33 0.29* 0.32 0.34
* Significant influence of the covariate
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Table 17. Genotype by environment interaction variance components for ear moisture loss 
rate before and after removing effects of growing degree days from planting to midsilk 
(GDD1) + precipitation (PRE), GDDl+relative humidity (RH), growing degree days from 
planting to black-layer maturity (GDD2)+PRE, GDD2+RH, and PRE+RH for medium- and 
full- season maturity com hybrids.
Hybrid No covariate GDD1 +PRE GDD1+RH GDD2+PRE GDD2+RH PRE+RH
---------------------------------- g2 kg'2 d 2 -----------------------------------------
Agratech 1177 0.39 0.32* 0.36 0.37 0.38 0.32
Cargill 8327 0.38 0.31* 0.34 0.27* 0.28* 0.30*
Deltapine 4682 0.35 0.30* 0.32 0.31 0.33 0.30*
Deltapine 4820 0.38 0.32* 0.35 0.27* 0.28* 0.32*
Deltapine 8695 0.34 0.28* 0.31 0.28* 0.27* 0.27*
DK743 0.41 0.33* 0.37* 0.29* 0.29* 0.32*
HS9944 0.37 0.30* 0.35 0.32* 0.34 0.30*
ICI8105 0.35 0.29* 0.32 0.30* 0.27* 0.28*
N8811 0.34 0.30* 0.32 0.29* 0.30* 0.30*
Pioneer 3146 0.42 0.34* 0.38 0.32* 0.31* 0.33*
Pioneer 3154 0.54 0.41* 0.47* 0.47* 0.45* 0.39*
Pioneer 3163 0.34 0.29* 0.31 0.28* 0.28* 0.28*
Pioneer 3165 0.36 0.31* 0.34 0.28 0.31* 0.30*
Pioneer 3167 0.41 0.34* 0.38 0.35* 0.36* 0.34*
RX945 0.40 0.33* 0.37 0.35* 0.36 0.33*
TR1167 0.39 0.33* 0.36 0.34* 0.33* 0.33*
TR3400 0.33 0.28* 0.30 0.30 0.29* 0.28*
TR700E 0.35 0.34 0.37 0.31* 0.34 0.34
TR702E 0.35 0.31* 0.32 0.29* 0.28* 0.31*
Triumph 2010 0.37 0.31* 0.34 0.30* 0.34 0.31*
TVX3519 0.35 0.29* 0.33 0.28 0.29* 0.29*
* Significant influence of the covariate
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Table 18. Genotype by environment interaction variance components for ear moisture loss 
rate before and after removing effects of growing degree days from planting to midsilk 
(GDD1) + precipitation (P) + relative humidity (RH) and growing degree days from 
planting to black-layer maturity (GDD2) + RH + P for medium- and fiill-season maturity 
com hybrids.
Hybrid No covariate GDD1+P+RH GDD2+P+RH
Agratech 1177 0.39
--------- g’ kg’ j ’
0.32* 0.34*
Cargill 8327 0.38 0.29* 0.27*
Deltapine 4682 0.35 0.29* 0.31*
Deltapine 4820 0.38 0.31* 0.27*
Deltapine 8695 0.34 0.27* 0.27*
DK743 0.41 0.32* 0.28*
HS9944 0.37 0.29* 0.31*
ICI8105 0.35 0.28* 0.29*
N8811 0.34 0.28* 0.29*
Pioneer 3146 0.42 0.32* 0.29*
Pioneer 3154 0.54 0.38* 0.39*
Pioneer 3163 0.34 0.28* 0.28*
Pioneer 3165 0.36 0.30* 0.29*
Pioneer 3167 0.41 0.33* 0.33*
RX945 0.40 0.32* 0.34*
TR1167 0.39 0.32* 0.33*
TR3400 0.33 0.27* 0.29*
TR700E 0.40 0.33* 0.31*
TR702E 0.35 0.30* 0.29*
Triumph 2010 0.37 0.30* 0.31*
TVX3519 0.35 0.28* 0.29*
* Significant influence of the covariate
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Figure 5. Reduction in genotype by environment interaction (GEI) for ear-moisture loss rate o f early maturity 
commercial com hybrids by removing the influence o f growing degree days from planting to black-layer (GDD2), 
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Figure 6. Reduction in genotype by environment interaction (GEI) for ear-moisture loss rate o f medium- and full 
-season maturity commercial com hybrids by removing the influence of growing degree days from planting to 
black-layer (GDD2), precipitation, and relative humidity.
CONCLUSIONS
Genotype by environment interaction (GEI) is an important component in 
determining ear moisture loss rate (EMLR) in com. Its presence indicated that conclusions 
based solely on hybrid means across environments were not reliable because of the 
differential response of hybrids to those environments. The EMLR was evaluated on 
individual plant basis, but replicated experiments in several environments were required 
to estimate the parameters of interest and make inferences about hybrids. Greater reduction 
in experimental error is achieved by increasing the number of test environments, in 
comparison with number o f plants per plots and number of replications. This fact would 
aid in better planning and allocation of resources as well as provide a better sample of 
target environments. Number of replications was more important than number of plants per 
plot in reducing experimental error when single planting date experiments were considered. 
Acceptable levels of power of the test were achieved when five plants per plot and four 
replications were used to determine EMLR.
Restricted maximum likelihood (REML) variance was used to estimate stability 
expressed as GEI variance. The interpretation of REML stability variances is the same as 
Shukla’s stability variances frequently used in literature, but REML algorithm can be used 
for both balanced and unbalanced data sets. All hybrids in the trials significantly interacted 
with environments, indicating a lack of stability. There were no significant correlations 
among hybrid means and their GEI variances.
Because GEI is complex and depends both on genotypes and environments, a 
portion of its pattern was explained by environmental factors. Precipitation and relative
70
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humidity were the two major contributors to GEI, although none of the individual 
environmental factor effects was statistically significant. Percentage of reduction in GEI 
by the removal of effect of environmental factors significantly increased when the effects 
of more than one factor were removed. Precipitation+growing degree days from planting 
to black-layer maturity (GDD2) was the most important combination of factors, reducing 
about 24.8% and 17.4% of GEI in early maturity and medium- and full-season maturity 
hybrids, respectively. Hybrids responded differently to the removal of effects of 
environmental factors, which made impossible prediction of performance, and suggested 
that the response should be studied at hybrid level.
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APPENDIX
EARLY MATURITY HYBRIDS
OBS DATE REP HYB MS PREC GDD1 EMLR RH WS
1 1 1 1 82 9.85 916.944 0.96061 83.9793 4.30171
2 1 2 1 80 10.68 885.278 0.63636 84.0929 4.32013
3 1 3 1 79 10.79 868.889 0.91234 84.3519 4.39629
4 1 1 2 82 9.85 916.944 1.04848 83.9793 4.30171
5 1 2 2 78 10.81 852.500 0.98701 84.6172 4.50832
6 1 3 2 79 10.79 868.889 0.85065 84.3519 4.39629
7 1 1 3 81 10.52 901.111 1.21818 83.8861 4.31587
8 1 2 3 79 10.79 868.889 1.13961 84.3519 4.39629
9 1 3 3 79 10.79 868.889 0.99675 84.3519 4.39629
10 1 1 4 79 10.79 868.889 0.78571 84.3519 4.39629
11 1 2 4 78 10.81 852.500 0.87013 84.6172 4.50832
12 1 3 4 81 10.52 901.111 0.89697 83.8861 4.31587
13 1 1 8 76 10.79 817.222 0.76623 84.4221 4.62244
14 1 2 8 77 10.81 835.278 1.02273 84.5781 4.61115
15 1 3 8 77 10.81 835.278 0.97078 84.5781 4.61115
16 1 1 10 79 10.79 868.889 0.86039 84.3519 4.39629
17 1 2 10 77 10.81 835.278 0.98701 84.5781 4.61115
18 1 3 10 79 10.79 868.889 0.93506 84.3519 4.39629
19 1 1 11 79 10.79 868.889 1.11039 84.3519 4.39629
20 1 2 11 78 10.81 852.500 1.13312 84.6172 4.50832
21 1 3 11 79 10.79 868.889 1.20779 84.3519 4.39629
22 1 1 13 82 9.85 916.944 1.01515 83.9793 4.30171
23 1 2 13 79 10.79 868.889 0.97403 84.3519 4.39629
24 1 3 13 81 10.52 901.111 0.97879 83.8861 4.31587
25 1 I 14 79 10.79 868.889 0.48052 84.3519 4.39629
26 1 2 14 78 10.81 852.500 0.76948 84.6172 4.50832
27 1 3 14 79 10.79 868.889 0.84416 84.3519 4.39629
28 1 1 15 79 10.79 868.889 0.95779 84.3519 4.39629
29 1 2 15 79 10.79 868.889 0.92532 84.3519 4.39629
30 1 3 15 77 10.81 835.278 0.88636 84.5781 4.61115
31 1 1 16 79 10.79 868.889 0.75325 84.3519 4.39629
32 1 2 16 78 10.81 852.500 0.93506 84.6172 4.50832
33 1 3 16 76 10.79 817.222 1.20455 84.4221 4.62244
34 1 1 17 75 10.79 799.444 0.91558 84.2002 4.55159
35 1 2 17 75 10.79 799.444 0.92208 84.2002 4.55159
36 1 3 17 75 10.79 799.444 0.83442 84.2002 4.55159
37 1 1 18 76 10.79 817.222 0.80519 84.4221 4.62244
38 1 2 18 76 10.79 817.222 0.85065 84.4221 4.62244
39 1 3 18 77 10.81 835.278 0.91558 84.5781 4.61115
40 1 1 19 82 9.85 916.944 1.00303 83.9793 4.30171
41 1 2 19 80 10.68 885.278 1.18485 84.0929 4.32013
42 1 3 19 79 10.79 868.889 1.03247 84.3519 4.39629
43 1 1 20 76 10.79 817.222 0.98052 84.4221 4.62244
44 1 2 20 77 10.81 835.278 0.88636 84.5781 4.61115
45 1 3 20 76 10.79 817.222 1.00000 84.4221 4.62244
46 1 1 21 79 10.79 868.889 0.63312 84.3519 4.39629
82
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OBS DATE REP HYB MS PREC GDDI EMLR RH WS
47 1 2 21 80 10.68 885.278 1.08485 84.0929 4.32013
48 1 3 21 79 10.79 868.889 0.84091 84.3519 4.39629
49 1 1 22 79 10.79 868.889 0.78896 84.3519 4.39629
50 1 2 22 79 10.79 868.889 0.71429 84.3519 4.39629
51 1 3 22 82 9.85 916.944 0.87273 83.9793 4.30171
52 2 1 1 72 8.80 988.333 0.86364 82.4760 4.13498
53 2 2 1 70 8.69 951.944 0.89205 82.7206 4.20486
54 2 3 1 71 8.74 970.000 0.83807 82.8385 4.14213
55 2 1 2 71 8.74 970.000 0.98011 82.8385 4.14213
56 2 2 2 71 8.74 970.000 0.96307 82.8385 4.14213
57 2 3 2 71 8.74 970.000 0.91761 82.8385 4.14213
58 2 1 3 69 8.69 933.889 0.99174 82.5912 4.28914
59 2 2 3 70 8.69 951.944 0.89205 82.7206 4.20486
60 2 3 3 70 8.69 951.940 0.90625 82.7206 4.20486
61 2 1 4 71 8.74 970.000 0.94034 82.8385 4.14213
62 2 2 4 69 8.69 933.890 0.71074 82.5912 4.28914
63 2 3 4 70 8.69 951.940 0.85511 82.7206 4.20486
64 2 1 8 66 9.52 881.940 0.76860 83.2501 4.38619
65 2 2 8 67 9.52 898.890 0.85950 83.0290 4.44609
66 2 3 8 67 9.52 898.890 0.77961 83.0290 4.44609
67 2 1 10 71 8.74 970.000 0.96307 82.8385 4.14213
68 2 2 10 71 8.74 970.000 0.84659 82.8385 4.14213
69 2 3 10 70 8.69 951.940 0.73864 82.7206 4.20486
70 2 1 11 71 8.74 970.000 0.73580 82.8385 4.14213
71 2 2 11 71 8.74 970.000 0.89205 82.8385 4.14213
72 2 3 11 71 8.74 970.000 0.90057 82.8385 4.14213
73 2 1 13 71 8.74 970.000 0.82386 82.8385 4.14213
74 2 2 13 71 8.74 970.000 0.81818 82.8385 4.14213
75 2 3 13 71 8.74 970.00 0.83239 82.8385 4.14213
76 2 1 14 71 8.74 970.00 0.69602 82.8385 4.14213
77 2 2 14 71 8.74 970.00 0.98864 82.8385 4.14213
78 2 3 14 71 8.74 970.00 0.79830 82.8385 4.14213
79 2 1 15 71 8.74 970.00 0.62784 82.8385 4.14213
80 2 2 15 69 8.69 933.89 0.46832 82.5912 4.28914
81 2 3 15 70 8.69 951.94 0.76420 82.7206 4.20486
82 2 1 16 67 9.52 898.89 1.06336 83.0290 4.44609
83 2 2 16 67 9.52 898.89 0.77686 83.0290 4.44609
84 2 3 16 68 8.44 916.39 0.82369 82.7043 4.40286
85 2 1 17 67 9.52 898.89 0.88705 83.0290 4.44609
86 2 2 17 66 9.52 881.94 0.81543 83.2501 4.38619
87 2 3 17 67 9.52 898.89 0.90634 83.0290 4.44609
88 2 1 18 70 8.69 951.94 0.88068 82.7206 4.20486
89 2 2 18 67 9.52 898.89 0.77686 83.0290 4.44609
90 2 3 18 68 8.44 916.39 0.64187 82.7043 4.40286
91 2 1 19 71 8.74 970.00 0.79261 82.8385 4.14213
92 2 2 19 71 8.74 970.00 0.82670 82.8385 4.14213
93 2 3 19 71 8.74 970.00 0.86080 82.8385 4.14213
94 2 1 20 71 8.74 970.00 0.80682 82.8385 4.14213
95 2 2 20 67 9.52 898.89 1.00826 83.0290 4.44609
96 2 3 20 69 8.69 933.89 0.81267 82.5912 4.28914
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
OBS DATE REP HYB MS PREC GDD1 EMLR RH WS
97 2 1 21 70 8.69 951.94 0.79830 82.7206 4.20486
98 2 2 21 69 8.69 933.89 0.87879 82.5912 4.28914
99 2 3 21 69 8.69 933.89 0.87328 82.5912 4.28914
100 2 1 22 71 8.74 970.00 0.84091 82.8385 4.14213
101 2 2 22 71 8.74 970.00 0.71023 82.8385 4.14213
102 2 3 22 71 8.74 970.00 0.60795 82.8385 4.14213
103 3 1 1 60 7.51 949.17 1.01102 80.8138 4.13126
104 3 2 1 63 8.03 1002.50 1.11846 81.1596 4.22792
105 3 3 1 57 7.60 899.72 0.87879 81.2482 3.89737
106 3 1 2 62 8.03 983.89 0.95868 81.0946 4.19126
107 3 2 2 59 7.30 933.06 0.99174 81.0693 4.04380
108 3 3 2 58 7.55 916.11 0.89807 81.0441 3.94598
109 3 I 3 56 7.60 882.78 0.83471 81.7343 3.90206
110 3 2 3 58 7.55 916.11 0.86226 81.0441 3.94598
111 3 3 3 58 7.55 916.11 0.93388 81.0441 3.94598
112 3 1 4 57 7.60 899.72 0.87052 81.2482 3.89737
113 3 2 4 58 7.55 916.11 0.85675 81.0441 3.94598
114 3 3 4 55 7.60 866.67 1.07438 82.0677 3.90516
115 3 1 8 56 7.60 882.78 0.83196 81.7343 3.90206
116 3 2 8 57 7.60 899.72 0.88154 81.2482 3.89737
117 3 3 8 56 7.60 882.78 0.79890 81.7343 3.90206
118 3 1 10 63 8.03 1002.50 0.88981 81.1596 4.22792
119 3 2 10 56 7.60 882.78 0.83196 81.7343 3.90206
120 3 3 10 56 7.60 882.78 0.78788 81.7343 3.90206
121 3 1 11 58 7.55 916.11 0.87603 81.0441 3.94598
122 3 2 11 58 7.55 916.11 0.87879 81.0441 3.94598
123 3 3 11 58 7.55 916.11 0.87052 81.0441 3.94598
124 3 1 13 59 7.30 933.06 0.95041 81.0693 4.04380
125 3 2 13 60 7.51 949.17 0.95317 80.8138 4.13126
126 3 3 13 58 7.55 916.11 0.96419 81.0441 3.94598
127 3 1 14 59 7.30 933.06 0.96419 81.0693 4.04380
128 3 2 14 59 7.30 933.06 0.97521 81.0693 4.04380
129 3 3 14 59 7.30 933.06 0.89532 81.0693 4.04380
130 3 1 15 63 8.03 1002.50 0.91185 81.1596 4.22792
131 3 2 15 58 7.55 916.11 0.68320 81.0441 3.94598
132 3 3 15 57 7.60 899.72 0.84298 81.2482 3.89737
133 3 1 16 59 7.30 933.06 0.96143 81.0693 4.04380
134 3 2 16 58 7.55 916.11 0.86501 81.0441 3.94598
135 3 3 16 55 7.60 866.67 0.96419 82.0677 3.90516
136 3 1 17 56 7.60 882.78 0.92287 81.7343 3.90206
137 3 2 17 58 7.55 916.11 0.85950 81.0441 3.94598
138 3 3 17 55 7.60 866.67 1.06061 82.0677 3.90516
139 3 1 18 56 7.60 882.78 0.82094 81.7343 3.90206
140 3 2 18 56 7.60 882.78 0.75482 81.7343 3.90206
141 3 3 18 56 7.60 882.78 0.87328 81.7343 3.90206
142 3 1 19 60 7.51 949.17 0.90358 80.8138 4.13126
143 3 2 19 58 7.55 916.11 0.86501 81.0441 3.94598
144 3 3 19 59 7.30 933.06 0.94490 81.0693 4.04380
145 3 1 20 57 7.60 899.72 0.84848 81.2482 3.89737
146 3 2 20 59 7.30 933.06 0.99725 81.0693 4.04380
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147 3 3 20 57 7.60 899.72 0.84022 81.2482 3.89737
148 3 1 21 60 7.51 949.17 0.95041 80.8138 4.13126
149 3 2 21 58 7.55 916.11 0.93113 81.0441 3.94598
150 3 3 21 59 7.30 933.06 0.95317 81.0693 4.04380
151 3 1 22 59 7.30 933.06 0.85950 81.0693 4.04380
152 3 2 22 59 7.30 933.06 0.96694 81.0693 4.04380
153 3 3 22 56 7.60 882.78 0.76033 81.7343 3.90206
154 4 1 1 66 8.31 1039.17 0.91250 84.1957 4.02230
155 4 3 1 67 7.52 1055.28 1.02500 84.4067 4.03018
156 4 4 1 62 10.47 975.83 0.38710 84.0048 4.06475
157 4 1 2 61 10.47 958.33 0.78065 83.9563 4.17239
158 4 2 2 68 7.67 1072.22 0.94375 84.4827 4.01435
159 4 4 2 68 7.67 1072.22 1.16406 84.4827 4.01435
160 4 1 3 66 8.31 1039.17 0.98958 84.1957 4.02230
161 4 2 3 67 7.52 1055.28 1.05625 84.4067 4.03018
162 4 3 3 66 8.31 1039.17 0.92188 84.1957 4.02230
163 4 4 3 62 10.47 975.83 0.90323 84.0048 4.06475
164 4 1 4 68 7.67 1072.22 1.01250 84.4827 4.01435
165 4 2 4 66 8.31 1039.17 1.11250 84.1957 4.02230
166 4 3 4 59 10.47 921.39 0.83226 84.0195 4.45320
167 4 4 4 60 10.47 939.44 0.78065 83.9843 4.30919
168 4 1 10 67 7.52 1055.28 0.73125 84.4067 4.03018
169 4 2 10 66 8.31 1039.17 0.73125 84.1957 4.02230
170 4 3 10 66 8.31 1039.17 0.76613 84.1957 4.02230
171 4 3 10 62 10.47 975.83 0.76613 84.0048 4.06475
172 4 1 11 68 7.67 1072.22 0.81250 84.4827 4.01435
173 4 2 11 61 10.47 958.33 0.69032 83.9563 4.17239
174 4 3 11 61 10.47 958.33 0.95968 83.9563 4.17239
175 4 4 11 61 10.47 958.33 0.80000 83.9563 4.17239
176 4 1 13 61 10.47 958.33 0.70323 83.9563 4.17239
177 4 2 13 60 10.47 939.44 0.74194 83.9843 4.30919
178 4 4 13 61 10.47 958.33 0.76774 83.9563 4.17239
179 4 1 15 59 10.47 921.39 0.76613 84.0195 4.45320
180 4 4 15 62 10.47 975.83 0.87097 84.0048 4.06475
181 4 1 16 67 7.52 1055.28 1.00000 84.4067 4.03018
182 4 2 16 59 10.47 921.39 0.69677 84.0195 4.45320
183 4 3 16 60 10.47 939.44 0.89032 83.9843 4.30919
184 4 4 16 60 10.47 939.44 0.59355 83.9563 4.17239
185 4 1 17 67 7.52 1055.28 0.71875 83.9843 4.30919
186 4 2 17 60 10.47 939.44 0.87097 84.4067 4.03018
187 4 3 17 66 8.31 1039.17 0.84516 83.9843 4.30919
188 4 4 17 67 7.52 1055.28 0.87500 84.1957 4.02230
189 4 2 21 62 10.47 975.83 0.78931 84.4067 4.03018
190 4 4 21 63 9.97 991.67 0.90323 84.0048 4.06475
191 4 1 22 67 7.52 1055.28 1.01250 83.9352 4.00364
192 4 2 22 62 10.47 975.83 1.12258 84.4067 4.03018
193 4 3 22 61 10.47 958.33 0.97500 84.0048 4.06475
194 4 4 22 61 10.47 958.33 0.61290 83.9563 4.17239
195 5 1 1 62 8.44 1027.50 1.14706 82.9564 3.90620
196 5 2 1 61 8.44 1012.22 1.17059 82.5188 3.83857
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197 5 3 1 65 7.89 1080.83 1.08824 82.2275 3.86496
198 5 4 1 67 6.29 1108.33 1.16471 82.5188 3.83857
199 5 1 2 65 7.89 1080.83 1.06618 82.2275 3.86496
200 5 2 2 67 6.29 1108.33 1.10784 82.5188 3.83857
201 5 3 2 65 7.89 1080.83 0.97059 82.9216 3.94648
202 5 4 2 63 8.44 1044.44 1.02353 83.0228 3.89466
203 5 1 3 58 8.57 958.33 1.31765 83.5236 3.95514
204 5 2 3 61 8.44 1012.22 1.25294 83.0228 3.89466
205 5 3 3 57 8.94 941.11 1.13529 83.6896 3.96770
206 5 4 3 62 8.44 1027.50 0.91765 82.9564 3.90620
207 5 I 4 62 8.44 1027.50 0.82941 82.9564 3.90620
208 5 3 4 62 8.44 1027.50 0.97059 82.9564 3.90620
209 5 4 4 60 8.57 994.72 0.94706 83.1759 3.92290
210 5 1 10 62 8.44 1027.50 0.81765 82.9564 3.90620
211 5 2 10 62 8.44 1027.50 1.16471 82.9564 3.90620
212 5 3 10 59 8.57 976.94 1.10000 83.3700 3.91764
213 5 4 10 62 8.44 1027.50 0.64118 82.9564 3.90620
214 5 1 11 62 8.44 1027.50 0.80588 82.9564 3.90620
215 5 2 11 62 8.44 1027.50 1.02353 82.9564 3.90620
216 5 3 11 65 7.89 1080.83 1.10000 82.5188 3.83857
217 5 4 11 67 6.29 1108.33 1.29412 82.2275 3.86496
218 5 1 13 58 8.57 958.33 1.05294 83.5236 3.95514
219 5 2 13 67 6.29 1108.33 1.11176 82.2275 3.86496
220 5 3 13 63 8.44 1044.44 0.88235 82.9216 3.94648
221 5 4 13 63 8.44 1044.44 1.02941 82.9216 3.94648
222 5 1 15 61 8.44 1012.22 1.03529 83.0228 3.89466
223 5 2 15 62 8.44 1027.50 0.78824 82.9564 3.90620
224 5 3 15 60 8.57 994.72 0.91176 83.1759 3.92290
225 5 1 16 61 8.44 1012.22 1.05882 83.0228 3.89466
226 5 2 16 67 6.29 1108.33 1.27451 82.2275 3.86496
227 5 3 16 63 8.44 1044.44 1.02353 82.9216 3.94648
228 5 4 16 62 8.44 1027.50 0.88235 82.9564 3.90620
229 5 1 17 56 8.71 923.89 1.01176 83.6366 3.95520
230 5 2 17 61 8.44 1012.22 1.09412 83.0228 3.89466
231 5 3 17 58 8.57 958.33 0.96324 83.5236 3.95514
232 5 4 17 62 8.44 1027.50 1.01765 82.9564 3.90620
233 5 1 21 61 8.44 1012.22 1.10000 83.0228 3.89466
234 5 2 21 66 7.39 1094.72 1.12353 82.2599 3.81773
235 5 3 21 62 8.44 1027.50 0.94118 82.9564 3.90620
236 5 4 21 66 7.39 1094.72 1.20588 82.2599 3.81773
237 5 1 22 62 8.44 1027.50 0.85882 82.9564 3.90620
238 5 2 22 63 8.44 1044.44 1.12941 82.9216 3.94648
239 5 3 22 62 8.44 1027.50 0.90588 82.9564 3.90620
240 5 4 22 60 8.57 994.72 1.08824 83.1759 3.92290
241 6 1 1 77 6.67 962.22 0.94194 82.5904 4.83517
242 6 2 1 73 6.29 889.72 0.84242 82.5211 4.95930
243 6 4 1 76 6.67 943.06 0.93939 82.6736 4.91236
244 6 1 2 78 6.67 980.28 1.13548 82.5240 4.78160
245 6 2 2 76 6.67 943.06 0.81212 82.6736 4.91236
246 6 3 2 77 6.67 962.22 0.54194 82.5904 4.83517
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247 6 4 2 77 6.67 962.22 0.69032 82.5904 4.83517
248 6 1 3 77 6.67 962.22 0.98065 82.5904 4.83517
249 6 2 3 74 6.48 907.78 0.73939 82.6500 4.96926
250 6 3 3 75 6.67 925.00 0.95152 82.6861 4.95295
251 6 4 3 69 4.91 826.11 0.90909 82.5045 4.87246
252 6 1 4 78 6.67 980.28 0.85806 82.5240 4.78160
253 6 2 4 69 4.91 826.11 1.13939 82.5045 4.87246
254 6 3 4 70 4.91 840.28 0.72121 82.4584 4.88639
255 6 4 4 71 5.43 856.11 0.78182 82.3066 4.92447
256 6 2 10 76 6.67 943.06 0.80000 82.6736 4.91236
257 6 4 10 77 6.67 962.22 0.85161 82.5904 4.83517
258 6 1 11 74 6.48 907.78 0.85455 82.6500 4.96926
259 6 2 11 70 4.91 840.28 0.85455 82.4584 4.88639
260 6 3 11 76 6.67 943.06 0.89697 82.6736 4.91236
261 6 4 11 71 5.43 856.11 0.81212 82.3066 4.92447
262 6 1 13 78 6.67 980.28 0.67742 82.5240 4.78160
263 6 2 13 71 5.43 856.11 0.95758 82.3066 4.92447
264 6 4 13 71 5.43 856.11 0.75152 82.3066 4.92447
265 6 1 16 75 6.67 925.00 0.67879 82.6861 4.95295
266 6 2 16 70 4.91 840.28 0.82424 82.4584 4.88639
267 6 3 16 70 4.91 840.28 0.61818 82.4584 4.88639
268 6 4 16 74 6.48 907.78 0.84848 82.6500 4.96926
269 6 1 17 77 6.67 962.22 0.69032 82.5904 4.83517
270 6 2 17 69 4.91 826.11 0.83030 82.5045 4.87246
271 6 3 17 70 4.91 840.28 0.61818 82.4584 4.88639
272 6 4 17 69 4.91 826.11 0.66061 82.5045 4.87246
273 6 1 20 76 6.67 943.06 0.75758 82.6736 4.91236
274 6 2 20 69 4.91 826.11 0.69091 82.5045 4.87246
275 6 3 20 74 6.48 907.78 1.11515 82.6500 4.96926
276 6 4 20 69 4.91 826.11 0.92727 82.5045 4.87246
277 6 1 21 76 6.67 943.06 0.87879 82.6736 4.91236
278 6 2 21 76 6.67 943.06 0.84242 82.6736 4.91236
279 6 3 21 74 6.48 907.78 0.84848 82.6500 4.96926
280 6 2 22 74 6.48 907.78 0.69697 82.6500 4.96926
281 6 4 22 72 5.43 872.50 0.76364 82.3667 4.94632
282 6 4 22 73 6.29 889.72 0.58182 82.5211 4.95930
283 7 1 1 59 7.27 893.89 0.61290 83.3935 4.47248
284 7 2 1 65 5.52 988.89 1.46667 81.9017 4.40589
285 7 3 1 66 4.68 1006.39 1.52778 81.5780 4.35033
286 7 4 1 65 5.52 988.89 1.48889 81.9017 4.40589
287 7 1 2 61 7.21 927.22 0.70323 83.4343 4.46700
288 7 2 2 65 5.52 988.89 1.49444 81.9017 4.40589
289 7 3 2 66 4.68 1006.39 1.32778 81.5780 4.35033
290 7 4 2 64 5.99 975.28 1.53889 82.3628 4.45519
291 7 1 3 61 7.21 927.22 0.79355 83.4343 4.46700
292 7 2 3 65 5.52 988.89 1.43333 81.9017 4.40589
293 7 3 3 65 5.52 988.89 1.45139 81.9017 4.40589
294 7 4 3 65 5.52 988.89 1.38889 81.9017 4.40589
295 7 1 4 61 7.21 927.22 0.81290 83.4343 4.46700
296 7 2 4 59 7.27 893.89 0.56774 83.3935 4.47248
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297 7 3 4 61 7.21 927.22 0.75484 83.4343 4.46700
298 7 4 4 60 7.21 909.44 0.57419 83.3361 4.47589
299 7 2 8 61 7.21 927.22 0.71613 83.4343 4.46700
300 7 3 8 60 7.21 909.44 0.54032 83.3361 4.47589
301 7 4 8 62 7.21 944.44 1.33333 83.1418 4.44716
302 7 1 10 59 7.27 893.89 0.73548 83.3935 4.47248
303 7 2 10 66 4.68 1006.39 1.34444 81.5780 4.35033
304 7 3 10 61 7.21 927.22 0.73548 83.4343 4.46700
305 7 4 10 60 7.21 909.44 0.75484 83.3361 4.47589
306 7 1 11 62 7.21 944.44 1.16667 83.1418 4.44716
307 7 2 11 65 5.52 988.89 1.32222 81.9017 4.40589
308 7 3 11 64 5.99 975.28 1.27222 82.3628 4.45519
309 7 4 11 63 7.21 961.39 1.47222 82.7238 4.45688
310 7 1 14 61 7.21 927.22 0.56989 83.4343 4.46700
311 7 2 14 66 4.68 1006.39 1.42778 81.5780 4.35033
312 7 3 14 62 7.21 944.44 1.28889 83.1418 4.44716
313 7 4 14 64 5.99 975.28 1.40556 82.3628 4.45519
314 7 1 16 58 7.66 876.94 0.80645 83.5975 4.53746
315 7 2 16 60 7.21 909.44 0.55484 83.3361 4.47589
316 7 3 16 60 7.21 909.44 0.72903 83.3361 4.47589
317 7 4 16 61 7.21 927.22 0.69677 83.4343 4.46700
318 7 1 18 59 7.27 893.89 0.81290 83.3935 4.47248
319 7 2 18 62 7.21 944.44 1.30000 83.1418 4.44716
320 7 3 18 59 7.27 893.89 0.70968 83.3935 4.47248
321 7 4 18 60 7.21 909.44 0.64516 83.3361 4.47589
322 7 1 20 59 7.27 893.89 0.73548 83.3935 4.47248
323 7 2 20 62 7.21 944.44 1.42222 83.1418 4.44716
324 7 3 20 60 7.21 909.44 0.69032 83.3361 4.47589
325 7 4 20 66 4.68 1006.39 1.47778 81.5780 4.35033
326 7 1 21 62 7.21 944.44 1.24444 83.1418 4.44716
327 7 2 21 62 7.21 944.44 1.18333 83.1418 4.44716
328 7 3 21 66 4.68 1006.39 1.45000 81.5780 4.35033
329 7 4 21 64 5.99 975.28 1.43333 82.3628 4.45519
330 7 1 22 60 7.21 909.44 0.56129 83.3361 4.47589
331 7 2 22 64 5.99 975.28 1.51667 82.3628 4.45519
332 7 3 22 64 5.99 975.28 1.47222 82.3628 4.45519
333 7 4 22 64 5.99 975.28 1.59444 82.3628 4.45519
334 8 1 1 60 4.08 976.67 1.22581 77.4135 4.05087
335 8 2 1 60 4.08 976.67 1.19355 77.4135 4.05087
336 8 3 1 58 4.34 941.67 1.52903 77.9500 4.08785
337 8 4 1 61 4.08 995.83 1.17333 77.1259 4.02170
338 8 1 2 59 4.18 958.61 1.32667 77.6653 4.08287
339 8 2 2 60 4.08 976.67 1.25161 77.4135 4.05087
340 8 3 2 60 4.08 976.67 1.08952 77.4135 4.05087
341 8 4 2 59 4.18 958.61 1.08387 77.6653 4.08287
342 8 1 3 59 4.18 958.61 1.15333 77.6653 4.08287
343 8 2 3 59 4.18 958.61 1.08667 77.6653 4.08287
344 8 3 3 60 4.08 976.67 1.11613 77.4135 4.05087
345 8 4 3 61 4.08 995.83 1.15333 77.1259 4.02170
346 8 1 4 58 4.34 941.67 1.78710 77.9500 4.08785
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
89
OBS DATE REP HYB MS PREC GDD1 EMLR RH WS
347 8 2 4 59 4.18 958.61 1.22667 77.6653 4.08287
348 8 3 4 57 4.34 925.83 1.52667 78.2615 4.04966
349 8 4 4 60 4.08 976.67 1.14000 77.4135 4.05087
350 8 1 8 58 4.34 941.67 1.44516 77.9500 4.08785
351 8 2 8 57 4.34 925.83 1.40667 78.2615 4.04966
352 8 3 8 58 4.34 941.67 1.28387 77.9500 4.08785
353 8 1 10 57 4.34 925.83 1.34667 78.2615 4.04966
354 8 2 10 60 4.08 976.67 0.98065 77.4135 4.05087
355 8 3 10 59 4.18 958.61 1.09333 77.6653 4.08287
356 8 4 10 59 4.18 958.61 0.97581 77.6653 4.08287
357 8 1 11 58 4.34 941.67 1.47742 77.9500 4.08785
358 8 2 11 59 4.18 958.61 1.16000 77.6653 4.08287
359 8 3 11 57 4.34 925.83 1.38000 78.2615 4.04966
360 8 4 11 61 4.08 995.83 1.07333 77.1259 4.02170
361 8 1 14 59 4.18 958.61 1.28000 77.6653 4.08287
362 8 2 14 60 4.08 976.67 1.05161 77.4135 4.05087
363 8 3 14 61 4.08 995.83 1.20833 77.1259 4.02170
364 8 4 14 60 4.08 976.67 1.03871 77.4135 4.05087
365 8 1 16 57 4.34 925.83 1.69333 78.2615 4.04966
366 8 1 16 59 4.18 958.61 1.32000 77.6653 4.08287
367 8 3 16 59 4.18 958.61 1.11333 77.6653 4.08287
368 8 4 16 59 4.18 958.61 1.12258 77.6653 4.08287
369 8 I 18 57 4.34 925.83 1.51075 78.2615 4.04966
370 8 2 18 60 4.08 976.67 1.00806 77.4135 4.05087
371 8 4 18 58 4.34 941.67 1.33871 77.9500 4.08785
372 8 1 20 58 4.34 941.67 1.49032 77.9500 4.08785
373 8 2 20 59 4.18 958.61 1.11667 77.6653 4.08287
374 8 4 20 60 4.08 976.67 1.03333 77.4135 4.05087
375 8 4 20 60 4.08 976.67 1.05806 77.4135 4.05087
376 8 1 21 61 4.08 995.83 1.13333 77.1259 4.02170
377 8 2 21 60 4.08 976.67 1.01935 77.4135 4.05087
378 8 3 21 59 4.18 958.61 1.16000 77.6653 4.08287
379 8 4 21 61 4.08 995.83 1.09333 77.1259 4.02170
380 8 1 22 60 4.08 976.67 1.12903 77.4135 4.05087
381 8 2 22 60 4.08 976.67 1.10968 77.4135 4.05087
382 8 3 22 57 4.34 925.83 1.58667 78.2615 4.04966
383 8 4 22 60 4.08 976.67 1.14839 77.4135 4.05087
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1 1 1 2 80 10.68 933.922 0.96970 84.0929 4.32013
2 1 2 2 80 10.68 933.922 0.74545 84.0929 4.32013
3 1 3 2 81 10.52 942.717 0.76970 83.8861 4.31587
4 1 1 5 80 10.68 933.922 1.01515 84.0929 4.32013
5 1 2 5 83 8.73 959.844 1.02424 83.9725 4.32949
6 1 3 5 82 9.85 951.511 0.94848 83.9793 4.30171
7 1 1 6 87 9.52 996.883 0.92424 83.2501 4.38619
8 1 2 6 81 10.52 942.717 0.89697 83.8861 4.31587
9 1 3 6 77 10.81 906.144 0.81169 84.5781 4.61115
to I I 8 82 9.85 951.511 0.90000 83.9793 4.30171
11 1 2 8 82 9.85 951.511 0.80909 83.9793 4.30171
12 1 3 8 82 9.85 951.511 1.10606 83.9793 4.30171
13 1 1 9 87 9.52 996.883 0.97879 83.2501 4.38619
14 1 2 9 81 10.52 942.717 0.72121 83.8861 4.31587
15 1 3 9 81 10.52 942.717 0.70303 83.8861 4.31587
16 1 1 11 87 9.52 996.883 0.97879 83.2501 4.38619
17 1 2 11 82 9.85 951.511 0.80303 83.9793 4.30171
18 1 3 11 82 9.85 951.511 0.68788 83.9793 4.30171
19 1 1 14 86 9.54 987.622 0.79697 83.4492 4.30438
20 1 2 14 81 10.52 942.717 0.58485 83.8861 4.31587
21 1 3 14 82 9.85 951.511 0.88182 83.9793 4.30171
22 1 1 17 82 9.85 951.511 0.67273 83.9793 4.30171
23 1 2 17 83 8.73 959.844 0.73333 83.9725 4.32949
24 I 3 17 82 9.85 951.511 0.84242 83.9793 4.30171
25 1 1 18 76 10.79 896.111 0.83117 84.4221 4.62244
26 1 2 18 81 10.52 942.717 0.81818 83.8861 4.31587
27 1 3 18 81 10.52 942.717 0.86667 83.8861 4.31587
28 1 1 20 81 10.52 942.717 0.85152 83.8861 4.31587
29 1 2 20 80 10.68 933.922 0.83939 84.0929 4.32013
30 1 3 20 82 9.85 951.511 0.95455 83.9793 4.30171
31 1 1 21 86 9.54 987.622 0.72727 83.4492 4.30438
32 1 2 21 84 9.75 968.644 0.93030 83.6911 4.38244
33 1 3 21 78 10.81 915.711 0.74351 84.6172 4.50832
34 1 1 22 80 10.68 933.922 0.69394 84.0929 4.32013
35 1 2 22 81 10.52 942.717 0.94848 83.8861 4.31587
36 1 3 22 87 9.52 996.883 0.95152 83.2501 4.38619
37 1 1 23 86 9.54 987.622 0.82424 83.4492 4.30438
38 1 2 23 82 9.85 951.511 0.88485 83.9793 4.30171
39 1 3 23 77 10.81 906.144 0.68182 84.5781 4.61115
40 1 1 24 80 10.68 933.922 0.85758 84.0929 4.32013
41 1 2 24 81 10.52 942.717 0.61515 83.8861 4.31587
42 1 3 24 77 10.81 906.144 0.79221 84.5781 4.61115
43 1 1 25 86 9.54 987.622 0.80000 83.4492 4.30438
44 1 2 25 81 10.52 942.717 0.88485 83.8861 4.31587
45 1 3 25 77 10.81 906.144 0.87013 84.5781 4.61115
46 1 1 26 78 10.81 915.711 0.72403 84.6172 4.50832
47 1 2 26 78 10.81 915.711 0.94156 84.6172 4.50832
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48 1 3 26 85 9.54 978.056 0.76061 83.5419 4.31428
49 1 1 27 87 9.52 996.883 0.83333 83.2501 4.38619
50 1 2 27 77 10.81 906.144 0.77273 84.5781 4.61115
51 1 3 27 77 10.81 906.144 0.63636 84.5781 4.61115
52 1 1 29 84 9.75 968.644 0.94959 83.6911 4.38244
53 1 2 29 86 9.54 987.622 0.95455 83.4492 4.30438
54 1 3 29 81 10.52 942.717 1.02121 83.8861 4.31587
55 1 1 30 82 9.85 951.511 1.06061 83.9793 4.30171
56 1 2 30 82 9.85 951.511 1.03030 83.9793 4.30171
57 I 3 30 77 10.81 906.144 0.88636 84.5781 4.61115
58 1 1 33 78 10.81 915.711 0.68506 84.6172 4.50832
59 1 2 33 78 10.81 915.711 1.07792 84.6172 4.50832
60 1 3 33 82 9.85 951.511 0.87576 83.9793 4.30171
61 1 1 34 78 10.81 915.711 0.70779 84.6172 4.50832
62 1 2 34 78 10.81 915.711 0.81818 84.6172 4.50832
63 1 3 34 78 10.81 915.711 0.85065 84.6172 4.50832
64 2 1 2 70 8.69 970.956 0.79830 84.4440 4.20486
65 2 2 2 71 8.74 980.989 0.86648 84.5643 4.14213
66 2 3 2 70 8.69 970.956 0.73580 84.4440 4.20486
67 2 1 5 69 8.69 960.928 0.73864 84.3119 4.28914
68 2 2 5 68 8.44 951.206 0.69146 84.4273 4.40286
69 2 3 5 68 8.44 951.206 0.67218 84.4273 4.40286
70 2 1 6 67 9.52 941.483 0.90634 84.7588 4.44609
71 2 2 6 69 8.69 960.928 0.84091 84.3119 4.28914
72 2 3 6 68 8.44 951.206 0.84022 84.4273 4.40286
73 2 1 8 71 8.74 980.989 0.85511 84.5643 4.14213
74 2 2 8 68 8.44 951.206 0.38017 84.4273 4.40286
75 2 3 8 70 8.69 970.956 0.65625 84.4440 4.20486
76 2 1 9 70 8.69 970.956 0.73864 84.4440 4.20486
77 2 2 9 68 8.44 951.206 0.39669 84.4273 4.40286
78 2 3 9 29 6.46 610.617 0.78125 98.0366 5.27668
79 2 1 11 71 8.74 980.989 0.87784 84.5643 4.14213
80 2 2 11 69 8.69 960.928 0.97727 84.3119 4.28914
81 2 3 11 70 8.69 970.956 0.77557 84.4440 4.20486
82 2 1 14 68 8.44 951.206 0.69972 84.4273 4.40286
83 2 2 14 68 8.44 951.206 0.77961 84.4273 4.40286
84 2 3 14 68 8.44 951.206 0.56749 84.4273 4.40286
85 2 1 17 68 8.44 951.206 0.73829 84.4273 4.40286
86 2 2 17 68 8.44 951.206 0.76309 84.4273 4.40286
87 2 3 17 68 8.44 951.206 0.58953 84.4273 4.40286
88 2 1 18 69 8.69 960.928 0.76705 84.3119 4.28914
89 2 2 18 64 9.54 913.239 0.73003 85.2824 4.31428
90 2 3 18 67 9.52 941.483 0.85399 84.7588 4.44609
91 2 1 20 66 9.52 932.067 0.79063 84.9845 4.38619
92 2 2 20 64 9.54 913.239 0.68595 85.2824 4.31428
93 2 3 20 64 9.54 913.239 0.72452 85.2824 4.31428
94 2 1 21 68 8.44 951.206 0.68044 84.4273 4.40286
95 2 2 21 68 8.44 951.206 0.40220 84.4273 4.40286
96 2 3 21 68 8.44 951.206 0.53719 84.4273 4.40286
97 2 1 22 67 9.52 941.483 0.62810 84.7588 4.44609
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98 2 2 22 67 9.52 941.483 0.47383 84.7588 4.44609
99 2 3 22 67 9.52 941.483 0.61708 84.7588 4.44609
100 2 1 23 71 8.74 980.989 0.84091 84.5643 4.14213
101 2 2 23 69 8.69 960.928 0.89489 84.3119 4.28914
102 2 3 23 69 8.69 960.928 0.96307 84.3119 4.28914
103 2 1 24 68 8.44 951.206 0.70799 84.4273 4.40286
104 2 2 24 64 9.54 913.239 0.55647 85.2824 4.31428
105 2 3 24 67 9.52 941.483 0.78237 84.7588 4.44609
106 2 1 25 70 8.69 970.956 0.83807 84.4440 4.20486
107 2 2 25 68 8.44 951.206 0.45179 84.4273 4.40286
108 2 3 25 69 8.69 960.928 0.74148 84.3119 4.28914
109 2 1 26 68 8.44 951.206 0.75482 84.4273 4.40286
110 2 2 26 71 8.74 980.989 0.89205 84.5643 4.14213
111 2 3 26 70 8.69 970.956 0.76420 84.4440 4.20486
112 2 1 27 67 9.52 941.483 0.78788 84.7588 4.44609
113 2 2 27 70 8.69 970.956 0.68182 84.4440 4.20486
114 2 3 27 69 8.69 960.928 0.77273 84.3119 4.28914
115 2 1 29 70 8.69 970.956 0.88920 84.4440 4.20486
116 2 2 29 71 8.74 980.989 0.87784 84.5643 4.14213
117 2 3 29 70 8.69 970.956 0.82955 84.4440 4.20486
118 2 1 30 70 8.69 970.956 0.76705 84.4440 4.20486
119 2 2 30 72 8.80 991.172 0.77273 84.1942 4.13498
120 2 3 30 71 8.74 980.989 0.65341 84.5643 4.14213
121 2 1 33 70 8.69 970.956 0.98580 84.4440 4.20486
122 2 2 33 69 8.69 960.928 0.97159 84.3119 4.28914
123 2 3 33 69 8.69 960.928 0.78693 84.3119 4.28914
124 2 1 34 67 9.52 941.483 0.94766 84.7588 4.44609
125 2 2 34 72 8.80 991.172 0.85795 84.1942 4.13498
126 2 3 34 70 8.69 970.956 0.78125 84.4440 4.20486
127 3 1 2 59 7.30 960.461 0.86226 81.0693 4.04380
128 3 2 2 60 7.51 969.411 1.04132 80.8138 4.13126
129 3 3 2 60 7.51 969.411 0.96970 80.8138 4.13126
130 3 1 5 56 7.60 932.533 0.62259 81.7343 3.90206
131 3 2 5 56 7.60 932.533 0.72452 81.7343 3.90206
132 3 3 5 56 7.60 932.533 0.75000 81.7343 3.90206
133 3 1 6 57 7.60 941.944 0.93664 81.2482 3.89737
134 3 2 6 63 8.03 999.044 0.99725 81.1596 4.22792
135 3 3 6 61 8.02 978.983 0.87879 80.9255 4.17709
136 3 1 8 64 8.03 939.228 0.86226 81.0375 4.29269
137 3 2 8 63 8.03 930.044 0.90083 81.1596 4.22792
138 3 3 8 63 8.03 959.044 0.94490 81.1596 4.22792
139 3 1 9 59 7.30 960.461 0.81818 81.0693 4.04380
140 3 2 9 60 7.51 969.411 0.83471 80.8138 4.13126
141 3 3 9 62 8.03 988.706 0.88705 81.0946 4.19126
142 3 1 11 63 8.03 999.044 0.95868 81.1596 4.22792
143 3 2 11 59 7.30 960.461 0.85124 81.0693 4.04380
144 3 3 11 61 8.02 978.983 0.81267 80.9255 4.17709
145 3 1 14 56 7.60 932.533 0.78788 81.7343 3.90206
146 3 2 14 57 7.60 941.944 0.84848 81.2482 3.89737
147 3 3 14 59 7.30 960.461 0.93939 81.0693 4.04380
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148 3 1 17 60 7.51 969.411 0.95317 80.8138 4.13126
149 3 2 17 57 7.60 941.94 0.83196 81.2482 3.89737
150 3 3 17 59 7.30 960.46 0.96694 81.0693 4.04380
151 3 1 18 60 7.51 969.41 0.81543 80.8138 4.13126
152 3 2 18 56 7.60 932.53 0.82369 81.7343 3.90206
153 3 3 18 56 7.60 932.53 0.86932 81.7343 3.90206
154 3 1 20 57 7.60 941.94 0.64738 81.2482 3.89737
155 3 2 20 57 7.60 941.94 0.88430 81.2482 3.89737
156 3 3 20 56 7.60 932.53 0.97443 81.7343 3.90206
157 3 1 21 56 7.60 932.53 0.64463 81.7343 3.90206
158 3 2 21 56 7.60 932.53 0.72452 81.7343 3.90206
159 3 3 21 58 7.55 951.05 0.91761 81.0441 3.94598
160 3 1 22 57 7.60 941.94 0.66667 81.2482 3.89737
161 3 2 22 56 7.60 932.53 0.85950 81.7343 3.90206
162 3 3 22 57 7.60 941.94 1.01989 81.2482 3.89737
163 3 1 23 57 7.60 941.94 0.87328 81.2482 3.89737
164 3 2 23 58 7.55 951.05 0.92287 81.0441 3.94598
165 3 3 23 60 7.51 969.41 1.03857 80.8138 4.13126
166 3 1 24 58 7.55 951.05 0.76033 81.0441 3.94598
167 3 2 24 56 7.60 932.53 0.74656 81.7343 3.90206
168 3 3 24 59 7.30 960.46 0.78237 81.0693 4.04380
169 3 1 25 60 7.51 969.41 0.92562 80.8138 4.13126
170 3 2 25 62 8.03 988.71 0.80992 81.0946 4.19126
171 3 3 25 61 8.02 978.98 0.84022 80.9255 4.17709
172 3 1 26 63 8.03 999.04 0.84298 81.1596 4.22792
173 3 2 26 59 7.30 960.46 0.84022 81.0693 4.04380
174 3 3 26 62 8.03 988.71 0.78237 81.0946 4.19126
175 3 1 27 59 7.30 960.46 0.91185 81.0693 4.04380
176 3 2 27 60 7.51 969.41 1.02479 80.8138 4.13126
177 3 3 27 55 7.60 923.58 1.09943 82.0677 3.90516
178 3 1 29 57 7.60 941.94 0.82369 81.2482 3.89737
179 3 2 29 59 7.30 960.46 0.96419 81.0693 4.04380
180 3 3 29 61 8.02 978.98 0.96970 80.9255 4.17709
181 3 1 30 59 7.30 960.46 0.89807 81.0693 4.04380
182 3 2 30 59 7.30 960.46 0.99449 81.0693 4.04380
183 3 3 30 57 7.60 941.94 0.93750 81.2482 3.89737
184 3 1 33 59 7.30 960.46 0.92562 81.0693 4.04380
185 3 2 33 57 7.60 941.94 0.91460 81.2482 3.89737
186 3 3 33 58 7.55 951.05 1.02273 81.0441 3.94598
187 3 1 34 57 7.60 941.94 0.91736 81.2482 3.89737
188 3 2 34 64 8.03 1009.23 0.95317 81.0375 4.29269
189 3 3 34 64 8.03 1009.23 0.89807 81.0375 4.29269
190 4 1 2 61 10.47 974.51 0.54032 83.9563 4.17239
191 4 2 2 67 7.52 1028.37 0.96875 84.4067 4.03018
192 4 3 2 62 10.47 984.23 0.42188 84.0048 4.06475
193 4 4 2 63 9.97 993.02 0.89032 83.9352 4.00364
194 4 1 5 60 10.47 964.01 0.60484 83.9843 4.30919
195 4 2 5 63 9.97 993.02 0.60000 83.9352 4.00364
196 4 3 5 67 7.52 1028.37 0.72581 84.0048 4.06475
197 4 3 5 62 10.47 984.23 0.52903 84.0048 4.06475
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198 4 4 5 62 10.47 984.23 0.92258 83.9843 4.30919
199 4 1 6 60 10.47 964.01 1.01250 84.4067 4.03018
200 4 2 6 67 7.52 1028.37 0.83226 84.0048 4.06475
201 4 4 6 62 10.47 984.23 1.12097 83.9352 4.00364
202 4 1 8 63 9.97 993.02 0.44556 84.0048 4.06475
203 4 2 8 62 10.47 984.23 0.72581 83.9352 4.00364
204 4 3 8 63 9.97 993.02 0.59140 84.4067 4.03018
205 4 4 8 67 7.52 1028.37 0.62500 84.4067 4.03018
206 4 1 9 67 7.52 1028.37 0.70464 84.1957 4.02230
207 4 2 9 66 8.31 1019.41 0.71875 83.9563 4.17239
208 4 3 9 61 10.47 974.51 0.82258 84.0195 4.45320
209 4 4 9 59 10.47 953.98 0.63441 84.4067 4.03018
210 4 4 9 63 9.97 993.02 1.13125 84.1957 4.02230
211 4 1 11 67 7.52 1028.37 0.98438 83.9352 4.00364
212 4 2 11 66 8.31 1019.41 1.18710 84.1957 4.02230
213 4 3 11 63 9.97 993.02 1.01250 83.9843 4.30919
214 4 4 11 66 8.31 1019.41 0.74194 83.9563 4.17239
215 4 1 14 60 10.47 964.01 0.69032 83.9563 4.17239
216 4 2 14 61 10.47 974.51 0.62581 83.9563 4.17239
217 4 3 14 61 10.47 974.51 0.59677 84.1957 4.02230
218 4 4 14 61 10.47 974.51 1.11719 83.9352 4.00364
219 4 1 17 66 8.31 1019.41 0.71774 83.9352 4.00364
220 4 2 17 63 9.97 993.02 0.89032 83.9352 4.00364
221 4 3 17 63 9.97 993.02 0.70968 83.9563 4.17239
222 4 4 17 63 9.97 993.02 0.88387 83.9843 4.30919
223 4 1 18 61 10.47 974.51 0.96129 83.9843 4.30919
224 4 2 18 60 10.47 964.01 0.85806 83.9843 4.30919
225 4 3 18 60 10.47 964.01 0.93548 84.0195 4.45320
226 4 3 18 60 10.47 964.01 0.68817 83.9843 4.30919
227 4 4 18 59 10.47 953.98 0.54839 83.9563 4.17239
228 4 1 20 60 10.47 964.01 0.74194 83.9563 4.17239
229 4 2 20 61 10.47 974.51 0.88281 84.1957 4.02230
230 4 3 20 61 10.47 974.51 0.88125 84.4067 4.03018
231 4 1 21 66 8.31 1019.41 0.92500 84.1957 4.02230
232 4 2 21 67 7.52 1028.37 0.87097 84.0048 4.06475
233 4 3 21 66 8.31 1019.41 0.59355 83.9843 4.30919
234 4 4 21 62 10.47 984.23 0.88387 84.0048 4.06475
235 4 1 22 60 10.47 964.01 0.85806 84.0048 4.06475
236 4 2 22 62 10.47 984.23 0.54194 84.0048 4.06475
237 4 3 22 62 10.47 984.23 1.00625 84.0048 4.06475
238 4 3 22 62 10.47 984.23 0.59355 84.1957 4.02230
239 4 4 22 62 10.47 984.23 0.74839 84.0048 4.06475
240 4 1 23 66 8.31 1019.41 0.93669 84.0048 4.06475
241 4 2 23 62 10.47 984.23 1.03125 84.4067 4.03018
242 4 3 23 62 10.47 984.23 0.38065 84.4827 4.01435
243 4 4 23 67 7.52 1028.37 0.61290 84.0048 4.06475
244 4 1 25 68 7.67 1037.78 0.54032 83.9843 4.30919
245 4 3 25 60 10.47 964.01 0.76129 84.0048 4.06475
246 4 4 25 62 10.47 984.23 0.79570 83.9843 4.30919
247 4 1 26 60 10.47 964.01 0.83125 83.9843 4.30919
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248 4 2 26 60 10.47 964.01 0.98750 84.0048 4.06475
249 4 3 26 62 10.47 984.23 1.07097 84.4827 4.01435
250 4 1 29 68 7.67 1037.78 0.66452 84.4067 4.03018
251 4 2 29 67 7.52 1028.37 0.76875 84.0048 4.06475
252 4 3 29 62 10.47 984.23 0.80000 83.9352 4.00364
253 4 4 29 63 9.97 993.02 0.82796 84.4827 4.01435
254 4 1 30 68 7.67 1037.78 0.87742 83.9352 4.00364
255 4 3 30 62 10.47 984.23 1.18750 84.0048 4.06475
256 4 4 30 60 10.47 964.01 0.90968 83.9843 4.30919
257 4 1 33 61 10.47 974.51 0.95161 83.9563 4.17239
258 4 2 33 67 7.52 1028.37 1.01875 84.4067 4.03018
259 4 3 33 63 9.97 993.02 0.97500 83.9352 4.00364
260 4 4 33 60 10.47 964.01 1.18125 83.9843 4.30919
261 4 1 34 68 7.67 1037.78 0.89375 84.4827 4.01435
262 4 2 34 68 7.67 1037.78 0.96774 84.4827 4.01435
263 4 3 34 67 7.52 1028.37 1.16129 84.4067 4.03018
264 4 4 34 68 7.67 1037.78 0.99355 84.4827 4.01435
265 5 1 2 65 7.89 1042.56 1.21935 82.5188 3.83857
266 5 2 2 59 8.57 984.84 1.03226 83.3700 3.91764
267 5 3 2 63 8.44 1022.34 1.09032 82.9216 3.94648
268 5 4 2 65 7.89 1042.56 0.90968 82.5188 3.83857
269 5 1 5 56 8.71 955.37 0.92903 83.6366 3.95520
270 5 2 5 57 8.94 964.94 0.92258 83.6896 3.96770
271 5 3 5 57 8.94 964.94 1.08387 83.6896 3.96770
272 5 I 6 62 8.44 1012.93 1.09032 82.9564 3.90620
273 5 2 6 62 8.44 1012.93 1.07097 82.9564 3.90620
274 5 3 6 58 8.57 974.51 1.37419 83.5236 3.95514
275 5 4 6 62 8.44 1012.93 1.41935 82.9564 3.90620
276 5 1 8 58 8.57 974.51 1.03226 83.5236 3.95514
277 5 2 8 60 8.57 994.72 1.24014 83.1759 3.92290
278 5 3 8 61 8.44 1004.44 1.03226 83.0228 3.89466
279 5 4 8 58 8.57 974.51 0.90968 83.5236 3.95514
280 5 1 9 62 8.44 1012.93 0.86452 82.9564 3.90620
281 5 2 9 62 8.44 1012.93 1.09032 82.9564 3.90620
282 5 3 9 62 8.44 1012.93 0.81935 82.9564 3.90620
283 5 1 11 62 8.44 1012.93 0.93548 82.9564 3.90620
284 5 2 11 65 7.89 1042.56 1.15484 82.5188 3.83857
285 5 3 11 63 8.44 1022.34 0.97419 82.9216 3.94648
286 5 4 11 62 8.44 1012.93 1.03871 82.9564 3.90620
287 5 1 14 59 8.57 984.84 1.03226 83.3700 3.91764
288 5 2 14 65 7.89 1042.56 1.11613 82.5188 3.83857
289 5 3 14 58 8.57 974.51 1.05806 83.5236 3.95514
290 5 4 14 63 8.44 1022.34 1.16774 82.9216 3.94648
291 5 1 17 58 8.57 974.51 1.25806 83.5236 3.95514
292 5 2 17 65 7.89 1042.56 1.10968 82.5188 3.83857
293 5 3 17 59 8.57 984.84 1.24516 83.3700 3.91764
294 5 4 17 59 8.57 984.84 1.09677 83.3700 3.91764
295 5 1 18 58 8.57 974.51 1.19355 83.5236 3.95514
296 5 2 18 60 8.57 994.72 1.00645 83.1759 3.92290
297 5 3 18 58 8.57 974.51 1.30968 83.5236 3.95514
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298 5 4 18 58 8.57 974.51 1.08387 83.0228 3.89466
299 5 1 20 60 8.57 994.72 1.06452 83.1759 3.92290
300 5 2 20 60 8.57 994.72 0.94194 83.1759 3.92290
301 5 3 20 63 8.44 1022.34 1.21935 82.9216 3.94648
302 5 4 20 63 8.44 1022.34 1.10323 82.9216 3.94648
303 5 1 21 57 8.94 964.94 1.05161 83.6896 3.96770
304 5 2 21 62 8.44 1012.93 1.20645 82.9564 3.90620
305 5 3 21 60 8.57 994.72 1.18065 83.1759 3.92290
306 5 1 22 61 8.44 1004.44 1.33548 83.0228 3.89466
307 5 ' 2 22 61 8.44 1004.44 1.27097 83.0228 3.89466
308 5 3 22 58 8.57 974.51 0.94194 83.5236 3.95514
309 5 4 22 62 8.44 1012.93 1.34839 82.9564 3.90620
310 5 1 23 60 8.57 994.72 1.08387 83.1759 3.92290
311 5 2 23 62 8.44 1012.93 1.10968 82.9564 3.90620
312 5 3 23 61 8.44 1004.44 1.34194 83.0228 3.89466
313 5 4 23 56 8.71 955.37 1.03226 83.6366 3.95520
314 5 1 25 62 8.44 1012.93 1.34194 82.9564 3.90620
315 5 2 25 63 8.44 1022.34 1.30323 82.9216 3.94648
316 5 3 25 56 8.71 955.37 1.27742 83.6366 3.95520
317 5 4 25 61 8.44 1004.44 1.03226 83.0228 3.89466
318 5 1 26 58 8.57 974.51 1.04516 83.5236 3.95514
319 5 2 26 57 8.94 964.94 0.88710 83.6896 3.96770
320 5 3 26 58 8.57 974.51 1.16774 83.5236 3.95514
321 5 4 26 58 8.57 974.51 1.41290 83.5236 3.95514
322 5 1 29 61 8.44 1004.44 1.11613 83.0228 3.89466
323 5 2 29 62 8.44 1012.93 1.30968 82.9564 3.90620
324 5 3 29 61 8.44 1004.44 1.03226 83.0228 3.89466
325 5 4 29 63 8.44 1022.34 0.84516 82.9216 3.94648
326 5 1 30 63 8.44 1022.34 1.13548 82.9216 3.94648
327 5 2 30 65 7.89 1042.56 1.09677 82.5188 3.83857
328 5 3 30 58 8.57 974.51 1.27097 83.5236 3.95514
329 5 4 30 65 7.89 1042.56 1.31613 82.5188 3.83857
330 5 1 33 61 8.44 1004.44 1.30968 83.0228 3.89466
331 5 2 33 60 8.57 994.72 1.37419 83.1759 3.92290
332 5 3 33 60 8.57 994.72 1.32258 83.1759 3.92290
333 5 4 33 56 8.71 955.37 1.20000 83.6366 3.95520
334 5 1 34 66 7.39 1050.28 1.22581 82.2599 3.81773
335 5 2 34 66 7.39 1050.28 0.78710 82.2599 3.81773
336 5 3 34 62 8.44 1012.93 1.07258 82.9564 3.90620
337 6 1 2 79 6.87 999.17 1.12258 82.4325 4.78267
338 6 2 2 79 6.87 999.17 0.92258 82.4325 4.78267
339 6 3 2 78 6.67 980.28 0.92903 82.5240 4.78160
340 6 4 2 76 6.67 943.06 1.13636 82.6736 4.91236
341 6 1 5 77 6.67 962.22 0.94194 82.5904 4.83517
342 6 2 5 77 6.67 962.22 0.67742 82.5904 4.83517
343 6 3 5 72 5.43 872.50 0.81212 82.3667 4.94632
344 6 4 5 78 6.67 980.28 0.53548 82.5240 4.78160
345 6 1 6 77 6.67 962.22 1.02419 82.5904 4.83517
346 6 2 6 78 6.67 980.28 1.17419 82.5240 4.78160
347 6 3 6 75 6.67 925.00 0.89091 82.6861 4.95295
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348 6 4 6 78 6.67 980.28 0.87097 82.5240 4.78160
349 6 1 8 78 6.67 980.28 0.92903 82.5240 4.78160
350 6 2 8 70 4.91 840.28 0.65455 82.4584 4.88639
351 6 3 8 71 5.43 856.11 0.78788 82.3066 4.92447
352 6 4 8 71 5.43 856.11 0.66667 82.3066 4.92447
353 6 1 9 76 6.67 943.06 0.70455 82.6736 4.91236
354 6 2 9 76 6.67 943.06 0.69697 82.6736 4.91236
355 6 3 9 76 6.67 943.06 0.89697 82.6736 4.91236
356 6 4 9 70 4.91 840.28 1.10909 82.4584 4.88639
357 6 1 11 76 6.67 943.06 0.88485 82.6736 4.91236
358 6 1 11 75 6.67 925.00 0.72121 82.6861 4.95295
359 6 3 11 76 6.67 943.06 0.95152 82.6736 4.91236
360 6 4 11 76 6.67 943.06 0.96364 82.6736 4.91236
361 6 1 14 77 6.67 962.22 0.90323 82.5904 4.83517
362 6 2 14 77 6.67 962.22 0.75484 82.5904 4.83517
363 6 3 14 75 6.67 925.00 0.74545 82.6861 4.95295
364 6 4 14 77 6.67 962.22 0.41935 82.5904 4.83517
365 6 1 17 78 6.67 980.28 0.96129 82.5240 4.78160
366 6 2 17 74 6.48 907.78 0.89091 82.6500 4.96926
367 6 3 17 77 6.67 962.22 0.50323 82.5904 4.83517
368 6 4 17 69 4.91 826.11 0.67273 82.5045 4.87246
369 6 1 18 79 6.87 999.17 1.09032 82.4325 4.78267
370 6 2 18 74 6.48 907.78 1.12727 82.6500 4.96926
371 6 3 18 69 4.91 826.11 0.84242 82.5045 4.87246
372 6 4 18 71 5.43 856.11 0.86667 82.3066 4.92447
373 6 1 20 75 6.67 925.00 0.80606 82.6861 4.95295
374 6 2 20 71 5.43 856.11 1.29697 82.3066 4.92447
375 6 3 20 74 6.48 907.78 0.95455 82.6500 4.96926
376 6 4 20 71 5.43 856.11 0.74545 82.3066 4.92447
377 6 1 22 75 6.67 925.00 0.87273 82.6861 4.95295
378 6 4 22 71 5.43 856.11 0.56364 82.3066 4.92447
379 6 1 23 78 6.67 980.28 1.03226 82.5240 4.78160
380 6 2 23 76 6.67 943.06 0.68485 82.6736 4.91236
381 6 3 23 74 6.48 907.78 1.13939 82.6500 4.96926
382 6 4 23 76 6.67 943.06 0.91515 82.6736 4.91236
383 6 1 24 71 5.43 856.11 0.78182 82.3066 4.92447
384 6 2 24 70 4.91 840.28 0.74545 82.4584 4.88639
385 6 3 24 77 6.67 962.22 0.72258 82.5904 4.83517
386 6 4 24 77 6.67 962.22 0.61935 82.5904 4.83517
387 6 1 25 79 6.87 999.17 1.10323 82.4325 4.78267
388 6 2 25 75 6.67 925.00 1.16364 82.6861 4.95295
389 6 3 25 76 6.67 943.06 0.96970 82.6736 4.91236
390 6 4 25 75 6.67 925.00 0.84242 82.6861 4.95295
391 6 1 26 69 4.91 826.11 0.90909 82.5045 4.87246
392 6 2 26 75 6.67 925.00 0.81818 82.6861 4.95295
393 6 3 26 76 6.67 943.06 0.72727 82.6736 4.91236
394 6 4 26 69 4.91 826.11 0.67273 82.5045 4.87246
395 6 1 29 74 6.48 907.78 0.96970 82.6500 4.96926
396 6 2 29 72 5.43 872.50 1.12727 82.3667 4.94632
397 6 3 29 75 6.67 925.00 0.82424 82.6861 4.95295
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398 6 4 29 76 6.67 943.06 0.74545 82.6736 4.91236
399 6 3 30 73 6.29 889.72 0.85161 82.5211 4.95930
400 6 4 30 72 5.43 872.50 0.74545 82.3667 4.94632
401 6 4 30 70 4.91 840.28 0.81818 82.4584 4.88639
402 6 4 30 79 6.87 999.17 0.94545 82.4325 4.78267
403 6 1 33 75 6.67 925.00 0.88485 82.6861 4.95295
404 6 2 33 76 6.67 943.06 0.93939 82.6736 4.91236
405 6 3 33 74 6.48 907.78 0.73939 82.6500 4.96926
406 6 4 33 74 6.48 907.78 0.55758 82.6500 4.96926
407 6 1 34 78 6.67 980.28 1.23226 82.5240 4.78160
408 6 2 34 79 6.87 979.17 1.12258 82.4325 4.78267
409 6 3 34 79 6.87 969.17 0.78710 82.4325 4.78267
410 6 4 34 79 6.87 969.17 1.08871 82.4325 4.78267
411 7 1 2 66 4.68 969.39 1.49444 81.5780 4.35033
412 7 2 2 66 4.68 988.39 1.38889 81.5780 4.35033
413 7 3 2 65 5.52 969.89 1.49444 81.9017 4.40589
414 7 4 2 66 4.68 969.39 1.32778 81.5780 4.35033
415 7 1 5 59 7.27 893.89 0.73548 83.3935 4.47248
416 7 2 5 61 7.21 927.22 0.70323 83.4343 4.46700
417 7 3 5 62 7.21 944.44 1.51210 83.1418 4.44716
418 7 4 5 62 7.21 944.44 1.42361 83.1418 4.44716
419 7 I 6 61 7.21 927.22 0.94194 83.4343 4.46700
420 7 2 6 65 5.52 988.89 1.47778 81.9017 4.40589
421 7 3 6 67 4.68 1023.61 1.45000 81.1044 4.29049
422 7 4 6 66 4.68 1006.39 1.54444 81.5780 4.35033
423 7 1 8 65 5.52 988.89 1.46667 81.9017 4.40589
424 7 2 8 67 4.68 1023.61 1.48333 81.1044 4.29049
425 7 3 8 61 7.21 927.22 0.69677 83.4343 4.46700
426 7 4 8 67 4.68 1023.61 1.59444 81.1044 4.29049
427 7 1 9 60 7.21 909.44 0.76774 83.3361 4.47589
428 7 2 9 61 7.21 977.22 0.79355 83.4343 4.46700
429 7 3 9 64 5.99 975.28 1.42222 82.3628 4.45519
430 7 4 9 60 7.21 989.44 1.53333 83.3361 4.47589
431 7 1 11 64 5.99 975.28 1.19444 82.3628 4.45519
432 7 2 11 66 4.68 1006.39 1.33611 81.5780 4.35033
433 7 3 11 65 5.52 988.89 1.18056 81.9017 4.40589
434 7 4 11 66 4.68 1006.39 1.66667 81.5780 4.35033
435 7 1 14 64 5.99 975.28 1.27222 82.3628 4.45519
436 7 2 14 62 7.21 974.44 1.38333 83.1418 4.44716
437 7 3 14 61 7.21 997.22 0.48387 83.4343 4.46700
438 7 4 14 62 7.21 944.44 1.50556 83.1418 4.44716
439 7 1 17 65 5.52 988.89 1.50000 81.9017 4.40589
440 7 2 17 66 4.68 969.39 1.41667 81.5780 4.35033
441 7 3 17 66 4.68 980.39 1.71111 81.5780 4.35033
442 7 4 17 67 4.68 977.61 1.52222 81.1044 4.29049
443 7 1 18 60 7.21 959.44 0.86165 83.3361 4.47589
444 7 2 18 59 7.27 983.89 0.93548 83.3935 4.47248
445 7 3 18 60 7.21 949.44 0.79355 83.3361 4.47589
446 7 4 18 61 7.21 947.22 0.83226 83.4343 4.46700
447 7 1 20 65 5.52 988.89 1.50556 81.9017 4.40589
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448 7 2 20 62 7.21 944.44 1.40556 83.1418 4.44716
449 7 3 20 60 7.21 909.44 0.67742 83.3361 4.47589
450 7 4 20 66 4.68 1006.39 1.42222 81.5780 4.35033
451 7 1 22 62 7.21 944.44 1.25000 83.1418 4.44716
452 7 2 22 65 5.52 988.89 1.52083 81.9017 4.40589
453 7 3 22 62 7.21 944.44 1.58333 83.1418 4.44716
454 7 4 22 64 5.99 975.28 1.51667 82.3628 4.45519
455 7 1 23 64 5.99 975.28 1.25000 82.3628 4.45519
456 7 2 23 66 4.68 1006.39 1.40000 81.5780 4.35033
457 7 3 23 62 7.21 944.44 1.50000 83.1418 4.44716
458 7 4 23 65 5.52 988.89 1.56111 81.9017 4.40589
459 7 1 24 62 7.21 944.44 1.42222 83.1418 4.44716
460 7 2 24 60 7.21 959.44 0.97419 83.3361 4.47589
461 7 3 24 62 7.21 944.44 1.28889 83.1418 4.44716
462 7 4 24 60 7.21 969.44 0.80645 83.3361 4.47589
463 7 1 25 66 4.68 967.39 1.55000 81.5780 4.35033
464 7 2 25 59 7.27 893.89 0.83871 83.3935 4.47248
465 7 3 25 61 7.21 927.22 0.72258 83.4343 4.46700
466 7 4 25 62 7.21 944.44 1.61111 83.1418 4.44716
467 7 1 26 62 7.21 944.44 1.26667 83.1418 4.44716
468 7 2 26 64 5.99 975.28 1.38889 82.3628 4.45519
469 7 3 26 65 5.52 988.89 1.43889 81.9017 4.40589
470 7 4 26 66 4.68 1006.39 1.58889 81.5780 4.35033
471 7 1 27 65 5.52 988.89 1.50000 81.9017 4.40589
472 7 2 27 62 7.21 944.44 1.32778 83.1418 4.44716
473 7 3 27 61 7.21 927.22 0.78065 83.4343 4.46700
474 7 4 27 62 7.21 944.44 1.42222 83.1418 4.44716
475 7 1 29 64 5.99 975.28 1.35556 82.3628 4.45519
476 7 2 29 66 4.68 1006.39 1.50556 81.5780 4.35033
477 7 3 29 66 4.68 1006.39 1.37222 81.5780 4.35033
478 7 4 29 66 4.68 1006.39 1.55556 81.5780 4.35033
479 7 1 30 59 7.27 893.89 0.70968 83.3935 4.47248
480 7 2 30 62 7.21 944.44 1.20556 83.1418 4.44716
481 7 3 30 62 7.21 944.44 1.33889 83.1418 4.44716
482 7 4 30 66 4.68 1006.39 1.53889 81.5780 4.35033
483 7 1 33 60 7.21 909.44 0.84516 83.3361 4.47589
484 7 2 33 66 4.68 1006.39 1.42778 81.5780 4.35033
485 7 3 33 65 5.52 988.89 1.53333 81.9017 4.40589
486 7 4 33 67 4.68 1023.61 1.53889 81.1044 4.29049
487 8 1 2 59 4.18 958.61 1.21935 77.6653 4.08287
488 8 2 2 58 4.34 941.67 1.43871 77.9500 4.08785
489 8 3 2 58 4.34 941.67 1.67742 77.9500 4.08785
490 8 4 2 58 4.34 941.67 1.62581 77.9500 4.08785
491 8 1 5 58 4.34 941.67 1.74839 77.9500 4.08785
492 8 2 5 59 4.18 958.61 1.20161 77.6653 4.08287
493 8 3 5 57 4.34 925.83 1.56452 78.2615 4.04966
494 8 4 5 59 4.18 958.61 1.05645 77.6653 4.08287
495 8 1 6 59 4.18 958.61 1.33871 77.6653 4.08287
496 8 3 6 59 4.18 958.61 1.05806 77.6653 4.08287
497 8 4 6 60 4.08 976.67 1.03226 77.4135 4.05087
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498 8 1 8 60 4.08 976.67 1.15484 77.4135 4.05087
499 8 2 8 60 4.08 976.67 1.24194 77.4135 4.05087
500 8 3 8 60 4.08 976.67 1.13548 77.4135 4.05087
501 8 4 8 61 4.08 995.83 1.01935 77.1259 4.02170
502 8 1 9 60 4.08 976.67 1.14839 77.4135 4.05087
503 8 2 9 58 4.34 941.67 1.76129 77.9500 4.08785
504 8 3 9 57 4.34 925.83 1.43011 78.2615 4.04966
505 8 4 9 60 4.08 976.67 1.09677 77.4135 4.05087
506 8 1 11 60 4.08 976.67 1.22581 77.4135 4.05087
507 8 2 11 59 4.18 958.61 1.16129 77.6653 4.08287
508 8 3 11 60 4.08 976.67 1.15323 77.4135 4.05087
509 8 4 11 62 4.48 1013.61 1.16129 77.0165 3.97240
510 8 1 14 59 4.18 958.61 1.10323 77.6653 4.08287
511 8 2 14 59 4.18 958.61 0.96774 77.6653 4.08287
512 8 3 14 59 4.18 958.61 1.11613 77.6653 4.08287
513 8 4 14 60 4.08 976.67 1.00000 77.4135 4.05087
514 8 1 17 58 4.34 941.67 1.80000 77.9500 4.08785
515 8 2 17 59 4.18 958.61 1.10968 77.6653 4.08287
516 8 3 17 58 4.34 941.67 1.60000 77.9500 4.08785
517 8 4 17 60 4.08 976.67 1.13978 77.4135 4.05087
518 8 1 18 58 4.34 941.67 1.27097 77.9500 4.08785
519 8 2 18 57 4.34 925.830 1.47097 78.2615 4.04966
520 8 3 18 59 4.18 958.610 1.13710 77.6653 4.08287
521 8 4 18 58 4.34 941.670 1.40645 77.9500 4.08785
522 8 1 20 58 4.34 941.670 1.58871 77.9500 4.08785
523 8 2 20 58 4.34 941.670 1.56774 77.9500 4.08785
524 8 3 20 58 4.34 941.670 1.63226 77.9500 4.08785
525 8 4 20 60 4.08 976.670 1.13978 77.4135 4.05087
526 8 1 22 58 4.34 941.670 1.49677 77.9500 4.08785
527 8 3 22 60 4.08 976.670 1.04839 77.4135 4.05087
528 8 4 22 60 4.08 976.670 1.22581 77.4135 4.05087
529 8 2 23 59 4.18 958.610 1.22581 77.6653 4.08287
530 8 3 23 60 4.08 976.670 1.04516 77.4135 4.05087
531 8 4 23 60 4.08 976.670 1.05161 77.4135 4.05087
532 8 1 24 59 4.18 958.610 0.99355 77.6653 4.08287
533 8 2 24 58 4.34 941.670 1.43871 77.9500 4.08785
534 8 3 24 58 4.34 941.670 1.30323 77.9500 4.08785
535 8 4 24 58 4.34 941.670 1.40645 77.9500 4.08785
536 8 I 25 58 4.34 941.670 1.62581 77.9500 4.08785
537 8 2 25 60 4.08 976.670 1.18710 77.4135 4.05087
538 8 3 25 58 4.34 941.670 1.61935 77.9500 4.08785
539 8 4 25 58 4.34 941.670 1.46452 77.9500 4.08785
540 8 1 26 59 4.18 958.610 1.13548 77.6653 4.08287
541 8 2 26 58 4.34 941.670 1.56774 77.9500 4.08785
542 8 3 26 57 4.34 925.830 1.41290 78.2615 4.04966
543 8 4 26 57 4.34 925.830 1.45806 78.2615 4.04966
544 8 1 27 58 4.34 941.670 1.54839 77.9500 4.08785
545 8 2 27 57 4.34 925.830 1.34194 78.2615 4.04966
546 8 3 27 57 4.34 925.830 1.31613 78.2615 4.04966
547 8 4 27 60 4.08 976.670 1.09032 77.4135 4.05087
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548 8 1 29 60 4.08 976.670 1.10323 77.4135 4.05087
549 8 2 29 57 4.34 925.830 1.46452 78.2615 4.04966
550 8 3 29 59 4.18 958.610 1.03226 77.6653 4.08287
551 8 4 29 60 4.08 976.670 1.09677 77.4135 4.05087
552 8 1 30 59 4.18 958.610 1.20645 77.6653 4.08287
553 8 2 30 58 4.34 941.670 1.36559 77.9500 4.08785
554 8 3 30 58 4.34 941.670 1.41290 77.9500 4.08785
555 8 4 30 59 4.18 958.610 1.05376 77.6653 4.08287
556 8 1 33 58 4.34 941.670 1.49677 77.9500 4.08785
557 8 2 33 58 4.34 941.670 1.42742 77.9500 4.08785
558 8 3 33 58 4.34 941.670 1.49032 77.9500 4.08785
559 8 4 33 60 4.08 976.667 1.11613 77.4135 4.05087
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